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L.C° PREFACE

The 2017 Lean and Computing in Construction Congress (LC’) was held in Heraklion,
Crete, Greece over July 4-12, 2017. LC” was a special, one-of-a-kind event, whose value
proposition for researchers and industry stemmed from the integration of three
conferences, two PhD summer schools and one industry day into four co-located events:

e The Joint Conference on Computing in Construction (JC*), comprised

of:
o The 34" CIB W78 Information Technology for Construction
Conference
o The 17" International Conference on Construction Applications
of Virtual Reality
e The 25" Annual Conference of the International Group for Lean
Construction (IGLC)

e Lean and BIM PhD Summer Schools
e Lean and BIM Industry Day

The construction industry is undergoing two major, disruptive, changes, one technological
and the other managerial: the broad adoption of BIM and other information technologies
and the fundamental change to the management of production that Lean Construction
brings. These two innovations are independent in theory, but are interdependent in
implementation. The natural synergies between them have driven much of the adoption
efforts in pioneering construction companies, and their interactions are the subject of
growing academic research.

The idea to co-locate the leading international Construction IT and Lean Construction
conferences was born from the recognition of the growing interest in the synergies of Lean
Construction and BIM. We are thrilled to have made this a reality: co-located, consecutive
conferences that offered a unique opportunity for researchers and practitioners to share
ideas on the broad subjects of Construction IT and Lean Construction, but at the same
time, maintained the unique identity of each of the individual conferences and their
communities. In fact, some 25% of the participants in each of the JC* and the IGLC
conferences took part in both conferences.

We are also delighted to have succeeded in bringing together academics and industry
practitioners to share ideas and experiences. The Lean and BIM Industry Day and the Lean
and BIM PhD Summer Schools, which took place over the weekend following the JC* and
preceding the IGLC Conference, offered superb opportunities to exchange ideas; 143
people took part in the weekend activities. Overall, over 300 individuals took part in the
various LC’ events.

In designing the LC’, we introduced many new quality features from academic events
in computer science and other areas to increase the value proposition of the congress and
highlight improvements to our communities for future use. We made abstract submission
optional and focused the reviewing effort on the full papers. We adopted the IGLC practice
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and requested and published extended abstracts / A3 posters along with camera-ready
papers and included them in the LC’ programme for both the JC3 and the IGLC
conferences. We ensured that each paper received a DOI number and is freely available
(open-access). We created parallel video proceedings on LC”s YouTube channel to
preserve the presentations and link them directly to the papers.

Kenneth Walsh, Ph.D., San Diego State University, IGLC Programme Chair
Frédéric Bosché Ph.D., Heriot-Watt University, JC’ Programme Chair
Rafael Sacks, Ph.D., Technion Israel Institute of Technology, LC® Chair

loannis Brilakis, Ph.D., University of Cambridge, LC’ Chair

LC? SPONSORS

We would like to thank our commercial sponsors for their generous contributions to the
congress, in support of scholarships, awards, the industry day and the PhD summer schools.
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IGLC PREFACE

The International Group for Lean Construction (IGLC), whose proceedings are contained
in this volume, was founded in 1993. The organization is a network of professionals and
researchers in architecture, engineering, and construction (AEC) who feel that the practice,
education, and research of AEC have to be radically renewed in order to respond to the
challenges ahead. The goal is to better meet customer demands and dramatically improve
the AEC process as well as product. To achieve this, IGLC researchers are developing new
principles and methods for product development and production management specifically
tailored to the AEC industry, but akin to those defining lean production that proved to be
so successful in manufacturing. The distinguishing trait of this Group is its emphasis on
theory. IGLC views that the lack of an explicit theory of construction has been a major
bottleneck for the progress in the AEC field.

Annual conferences are the main activity of the IGLC, and their locations rotate
amongst the continents. Conference organization is managed independently by a group of
volunteers in each sponsoring country. The present conference is the 25" annual event,
an important milestone in the history of IGLC.

The IGLC conference received approximately 160 submissions (overall, LC’ received
approximately 320 submissions) in nine lean construction tracks: Contract & Cost
Management; Enabling Lean with Information Technology; Lean Theory; People, Culture,
& Change; Product Development & Design Management; Production Planning & Control;
Production System Design; Safety, Quality, & the Environment; and Supply Chain
Management& Prefabrication

Following a rigorous full paper peer review process (with each full paper being
reviewed by at least two reviewers drawn from the scientific committee of international
experts, and final decisions being made collectively by the corresponding track and
programme chairs), 113 outstanding full papers were ultimately included in the
proceedings and presentation at the conference (72% acceptance rate). These papers
represented a combined total of 244 authors.

The conference was divided into one day of plenary sessions with 12 papers. Papers
were selected based on the recommendations of track chairs for the first two sessions. The
third session was designed to present papers from the track that attracted the highest
number of submissions (People, Culture, and Change). The first day also included two
poster sessions, with 20 papers presented in this format. The remaining papers were
presented in 23 parallel sessions over two days. The authors of the top ranked papers were
invited to expand their work for submission to a special issue of a leading academic journal
—the Journal of Construction Engineering and Management.

In addition to the technical content, the conference also provided opportunities for
fellowship and networking in informal settings. The IGLC programme opened on the
evening of July 9™ 2017 with a welcome reception. The conference offered an optional
half-day trip to Lassithi Plateau & the Village of Kritsa, an optional pre-conference full-
day tour to Elounda and Spinalonga, and a conference dinner with a folklore night at Thea.

We would like to thank the IGLC scientific community, including both academic and
industry members for their contributions and support; the programme committee (see



specific acknowledgements below); as well as Lilia Sbokou and her team at Sbokos Tours,
who managed the local organization matters of the event.

To all LC’ attendees: we sincerely appreciate your participation and involvement in
this 25™ anniversary event. We hope your conference experience provided opportunities
to renew friendships and professional relationships, forge new ones, spark exciting new
research ideas, and enjoy the scenery and surroundings in Crete!

Kenneth Walsh, Ph.D., San Diego State University, IGLC Programme Chair

Rafael Sacks, Ph.D., Technion Israel Institute of Technology, LC® Chair

loannis Brilakis, Ph.D., University of Cambridge, LC® Chair
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DISCRETE COSTING VERSUS COLLABORATIVE
COSTING

Sa’id A. Namadi' , Christine Pasquirez, and Emmanuel Manu®

Abstract: The UK construction industry has witnessed a recent shift towards
integrated and collaborative approaches. Such collaborative efforts include the use of
integrated systems like BIM, lean and innovative procurement options which are now
reshaping project delivery systems. However, in the UK, most efforts have focused
primarily on the conventional project management system, which is coherent and
contract-based and has brought the separation in the processes of costing/design and
production. In fact, cost and design processes are still treated as independent and
separate functions which are carried out discretely within the current project delivery
system. This neglect, and the lack of a holistic and collaborative approach in costing,
arguably accounts for much of the cost overrun that is still prevalent in the UK
industry. Traditionally, cost management has been the chief duty of Quantity
Surveyors (QSs) in the UK. Recently, Target Value Design (TVD) has emerged as a
management approach under the lean philosophy that aims to deliver exactly what
the customer needs in terms of value within stipulated project constraints. The
technique is aimed at making the budget become an input in the design and decision
making process rather than an outcome of a design. The growth of collaborative
approaches such as TVD opens new opportunities for project participants to deliver
more value for clients and work collaboratively. This paper reports on the literature
review that aimed at developing a framework to improve the current cost
management practice towards a more collaborative system against the existing
discrete form of costing that inhibits collaboration.

Keywords: Discrete Costing, Collaborative Costing, Target Value Design, Cost
Management, Quantity Surveying.

1. INTRODUCTION

For many years now, UK construction industry has had several reports and
recommendations by industry practitioners and government, stressing on collaborative
working, value addition and the use of collaborative approaches to streamline design and
construction processes (Egan, 1998, 2002; Latham, 1994). Among other targets set by the
industry in the (Construction 2025 report HM Government, 2013) were cost reduction in
the initial cost of construction and the whole life cost of built assets. In view of that, the
UK government are now advocating for more collaborative approaches where project
actors and processes are fully integrated (Sunil et al, 2013).

Lean construction as a collaborative system has been proposed to the industry as an
antidote to many of the challenges faced, that aimed at transforming construction model
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and delivery approach (Mossman, 2009). But, the lack of collaboration has proved to be a
major challenge for the industry which has dominated the processes of design, planning
and execution (Daniel et al, 2015). It worsens in the areas of cost management where cost
target are still set by the client’s advisors in isolation who take sole ownership of cost
advice.

Although, in 2012 there were efforts to improve collaboration in terms of costing that
led to the introduction of new procurement models like cost-led procurement, integrated
project insurance and two stage open book (cabinet office, 2014). Yet, they are still not
patronised within the industry.

The alternative view is illustrated in the target value design (TVD) approach, which is
derived from target costing as a management approach that allows cost to act as an input
to design where the design process itself constantly updates the cost to align with client
needs and constraints (Kaushik et al, 2014). Despite that, research has indicated no
evidence of its implementation in the UK construction. Moreover, clients are still
dissatisfied with project performances repeatedly exceeding the agreed budget and time
parameters. (HM Government 2013). These consequences were also marched in Zimina et
al (2012) who confirmed that the costing process (cost planning) in the UK, is still based
on market driven estimates instead of the business case, which overturns the essence of
value creation and encourages the use of contingencies.

Taking inspiration from the research above, this study aims to explore the idea of
collaborative costing in contrast with the traditional cost management system using TVD
as an exampler. Therefore, the study will focus on the costing and design interfaces. The
next sections will present the methods adopted, review the current forms of costing and
propose two distinct approaches (discrete and collaborative). This will be followed with
analysis on how budgets are set from the two models, and a discussion of the differences
and benefits.

2. METHODOLOGY

The study reviews literature including published case studies of collaborative costing using
TVD. This approach enables the current theory to be established in order to identify the
ways costing processes are managed, understood and delivered. To achieve this, the study
compares and contrasts the conventional cost management process in the UK, which is
more discrete, and lean costing approaches using TVD as an exampler of a collaborative
costing approach.

3. LITERATURE REVIEW
3.1COLLABORATIVE COSTING WITHIN TVD

TVD was adopted from target costing which originates from the manufacturing industry
in the 1930’s (Feil et al, 2004). The process was used by manufacturers and customers to
manage product profitability (Cooper & Slagmulder, 1997). The main logic behind the
process was to allow cost and value to anchor the design process instead of calculating
cost after the design is complete (Tommelein & Ballard, 2016). The term was first used by
Hal Macomber, Greg Howell and Jack Barberio in 2007 after the adoption of target costing
into the construction environment (Macomber, et al, 2007). But it was first spotted in the
Tostrud Fieldhouse project at St Olaf College, USA by the Boldt Company in 2002.
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TVD as a management approach flourish under collaborative environment where the
client and project participants are all involved in a discussion to generate the values
required (time, cost, features etc.) within the project constraint

According to Macomber et al (2007) TVD has five certain principles that allow
collaborative approaches to flourish during project delivery. These principles are:- (a)
target costing setting — This is where instead of estimating based on detailed design, the
concept focuses more on detailed estimate; (b) collaboration — Instead of designing and
then converging later for a group reviews and decisions, the concept emphasize on
working together to define the issues and produce decisions then design to those decisions;
(c) colocation — Instead of working in silos and separate rooms as prevailed traditionally,
the method advocates for working in pairs or large groups and face to face; (d) Set based
design — Rather than narrow choices to proceed with design, it allows several alternative
solutions set far into the design process, where choosing by advantages is asserted, which
allow the selection of different alternatives when multiple factors and criteria are being
considered; (e) Work Structuring — Instead of evaluating the constructability of a design,
it allows for designing what is constructible.

These succinct arrangements have created a common understanding, teamwork that
allows a clear path to waste elimination in the processes of costing and design (Rubrich,
2012). These elements embedded with the method has clearly illustrate TVD as an example
of collaborative costing. Therefore, it can be argued that collaborative costing (CC) is a
relational system that stems from commitments and transparency, where trust is
drastically improved and teams collaborate to effectively deliver projects. It is based on an
open and honest interaction around cost between supply chain members working together
with the production team to set the target cost and the allowable profit. This system is
increasingly being used in the US construction industry aimed at achieving the maximum
value while setting costs target lower than the market benchmark price (Ballard, 2012).

The TVD models as depicted in figure 1, 2 & 3 below shows a clear definition of CC
approach and how it begins under a TVD setting. The process start with team assembly
researching on the product and the money available as per the business case which is called
allowable cost (AC). It then proceeds on to determine the market cost (MC) which is
identified through a detailed collaborative benchmarking, where the selected team work
extensively on the feasibility study to revealed the estimated maximum price for the
project.

Based on that, the target cost is set and a common risk and profit pool is used to derive
innovation through pain-gain share commercial mechanism (Ballard, 2012). At this stage,
the cost and value are extended from assets level to the system level and managed
concurrently by the cross-functional teams (Zimina et al, 2012). Values created within the
process are totally in line with cost information provided using (over the shoulder costing
approach) which is conducted in close collaboration with the team members to avoid
running beyond the target cost. Hereafter, the method stresses on process and team
collaboration that sees the inclusion of key supply chain member right from the outset.

This is clearly highlighted in the model figure 2 below, which illustrates the integrated
team formation early on, that validates the cost target in relation to what the client is
willing to build within (AC) using set base design alternative to steer the target below the
(AC) and the stakeholders work within market constraints. Notably, in this model, the
costing pressure is always downward working back to the design which allow excess
savings to be reinvested. Designs are then created to meet the detail estimate rather than
creating a detail estimate around a preliminary design. Significantly, the customer is not
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the only client to the project as all information are shared early and the cross functional
teams manage the costs with the inclusion of the supply chain during the product design.

Figure 1. Setting the Target Cost (Adapted from Kaushik et al, 2016).

Collaborative Costing Process Using TVD Method

Implementation

Conceptual Stage Criteria Design Stage Detail Design Stage Documents Agency Coordination/Final Buy-out
Validating the Setting the
Team Assembly Business Plan and - M overall System » Innovate in Design
Owner, Designer, setting Targets OIS J 4
N N Cluster Groups & and Targets
Design Consultants, Including Agency, B
Constructors Engineers, GC & Trade
Constructors

Develop Design

J H J Structure the work ¥

& Detailed
Engineering

Design to
Targets

Figure 2. Collaborative Costing Model Using TVD as an Example.

Beyond its transparency and collaboration, TVD has illustrated several benefits in
projects, where costs worked are contained within the market price which makes the
product competitive. Other advantages are; easier to design to target, easier to link design
options to business objectives, more credible financial feasibility can be calculated, wastes
are reduced and innovation (value creation) is promoted, life cycle costs impacts are
considered at the design stage as well and owners get what they need within their
affordability while service providers earn more when they increase value or decrease cost
(Ballard, 2011). Thus, TVD is a cohesive approach in its entirety, that forester collaboration
by increasing the level of shared understanding and communication among stakeholders
(Russell-Smith et al, 2015).

3.2 DISCRETE COSTING WITHIN THE UK COST MANAGEMENT SYSTEM

Cost management has always been a primary function of the QSs in the UK. Its evolution
began from the 17th century and was established as a practice by the royal institute of
chartered surveyors (RICS) in the 1864 (Seeley and Winfield, 1999; Ashworth et al, 2014).
Traditionally, the QSs offers cost advice and assist with alternative design solutions as well
as on cost implications of design and procurement using the techniques of elemental cost
planning and cost checking (Kirkham, 2007). Other duties include post contract cost
management activities such as valuation, change management and valuing variation to
final account (Ashworth, 2014).

However, both seminal reports of Latham (1994) and Egan (2002) have stressed on the
absence of collaboration within projects and among participants which they believed has
dented the industry’s image through several adversaries. Consequently, these adversaries
and lack of collaboration has brought a divorce between the phases of design and
production. Evidently now, project actors such as designers, consultants and the supply
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chain continued to work in silos and isolation focusing more on profit ahead of the overall
project benefit that eventually reduces project value (Hanid et al, 2011). This separation
has continued even in the current cost planning process, where the norm has always been
design-estimate-redesign, with gaps and disconnects that leads to project delays, conflicts,
ambiguities and value loss (Doloi, 2011; Kashiwagi & Savicky, 2000). It is even more
prominent with cost consultants acting on behalf of clients (QSs) providing cost advice
almost in total isolation without any input from the supply chain making project estimates
mostly unrealistic. In fact, it is a commonplace now within this process that clients exert
most project risks on contractors and designers in order to have more control (Osipova &
Eriksson, 2011) which has compounds more wastes to production and encourage
opportunistic behaviours (Sarhan et al, 2014).

Consequently, the lack of collaboration caused by these separations has now constitute
more pressure from both sides that encouraged the attitude of mining for more profit from
both the client & contactors to safe guard their interests (Pasquire et al, 2015). A typical
example can be seen using D&B project, where client QSs are responsible for the cost
planning in the briefing stage, and at the concept stages the contractor’s QSs are
responsible for developing their cost plans internally and separately from the client side.
This arrangement contributes to their separation and hampers their integration that often
see risks transferred disproportionately where every team is trying to safe guard their team
interest (Sarhan et al, 2014). Hence, this has also brought a mentality on both sides
focusing more on what the product design will be that revert more pressure on the costing
process.

The model for cost management process is presented in figure 3 below. It follows the
RIBA plan of work 2013, and conforms with the new rules of measurement (NRM) suite
of documents (RICS, 2014). It traditionally starts with business case development at the
strategic level through feasibility study. The concepts of cost planning, cost checks and the
Bill of quantities are introduced to exercise the development of approximate estimate that
are later feed into the design formation.

After the estimation, detailed designs are produced at the concept and developed stages,
which is followed with an iterative process of cost planning and cost checking that is done
discretely with no involvement of any member of the supply chain. As illustrated in fig 4
below, the process leading to budget setting and the eventual production stages is still
based on competitive tendering i.e. design-estimate-redesign. This is where the practice
focuses more on costing the design drawings (Kirkham, 2007) through cost planning and
cost checks. If the design hit snag, then the process of redesign is activated through the
iterative cycle to balance the project costs.

Although, the model indicates contractor’s inclusion in the costing process, but their
involvement was very late and deep into the technical design. The procedure is almost run
by the client’s team in total isolation without any supply chain involvement, the design is
passed on to the cost consultants with little or no team interaction (Zimina et al, 2012). So,
the targeted cost is rolled down to the constructors to work without all parties having a
clear picture and certainty of what should be delivered and at what cost.
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Traditional Costing Process (Discrete Costing) Based on the RIBA Plan Stages

Strategic
Definition

Preparation
and Brief

Conoept Design

Developed Design

Technical & Specialist
Design

Figure 3. Cost Management Process UK Model Adapted from the RIBA Plan of
work 2013.

4. DISCUSSION

It is a prerequisite and vital in the lean philosophy for project stakeholders to collaborate
early especially when embarking on TVD. The logic is to be able to manage the product
and design process concurrently and share the risk and rewards equally (Tommelein &
Ballard, 2016). The fundamental difference between CC in relation to the
common/dominant UK practice, is that collaborative costing ensures that design process
is waste free using the TVD method to steer design, collaborate fully down to production
as well as defined the customers’ requirements and value streams to accomplished the
objectives and constraints of the project. It is further attributed with stakeholders and
supply chain involvement right at the outset sharing a common goal and a desired
objective. This is a distinctive component that is lacking from the traditional process where
the separation between stakeholders and the commercial friction that leads to eventual
value loss and cost overruns. Besides, most cost estimates in traditional projects increases
as the design becomes more apparent. Significantly, the lack of transparency and
collaboration, heavily conceals several information that could add value to the client in the
costing process.

The collaborative costing model has reveal some benefits and opportunities that can
be drawn to have an impact on the UK costing model. But, because of the divorce in the
commercial setup in design/costing up to production stages, it has mounted a challenge on
the teams that even wants to collaborate at these stages. However, some inspirations could
still be drawn from the UK perspective on collaborative costing agenda, as there are models
such as Cost-led Procurement that was introduce in the UK in 2012. Although the model
is currently not patronised within the industry, but it certainly has the right framework
that would allow the industry to use and develop innovative solutions in the current
costing model. It could further drive out waste in all parts of the process while maintaining
the key targets of cost, time and quality in customer terms.

However, TVD is not the only approach that is moving towards collaborative costing.
There are other approaches such as the IPD in the US that integrates people, systems,
business structures and practices into a more collaborative process to optimize project
results and increase value, reduce waste and maximize efficiency throughout the phases
of design, fabrication and construction. Others are the Cost-led Procurement that was
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introduce in the UK in 2012 as a procurement method that allows industry to use and
develop innovative solutions. Nonetheless, TVD 1is the most matured approach to
collaborative costing ahead of the Cos-led Procurement that is still in its infancy stages.
The idea of collaborative costing is well integrated within the lean philosophy and
processes such as lean project delivery system, building information modelling, big rooms,
pull planning among others. Significantly, the TVD model has been used as a matured
approach in collaborative costing that continue to strive and change cultural behaviours
and identify values and waste during cost management processes.

Starting Point between discrete and collaborative form of costin =

Dt CosgAproch

Figure. 4 Starting Point Between Discrete and Collaborative Form of Costing.

5. CONCLUSION

Managing cost is a fundamental principle in any construction activity. It ensures that the
main objectives of a project (cost, quality and time) are achieved as planned while
commercial processes are satisfied. However, there are differences in the way the UK
costing systems delivered these services compared to the TVD approach. This paper
considered mainstream cost management process within UK and TVD as an exampler of
CC, and presented a process models that portray the practices within the two approaches.
Although, the two models share few similarities, but there were significant difference and
disconnects in the depth of services delivered from the UK model.

A major distinction is that the traditional UK costing system is discrete which reveals
a separation between design/costing and production stages and therefore requires different
approach of delivery in CC. The TVD approach was found based on collaboration that
incorporate the use of relational contracts which promotes the collaboration of
stakeholders in a project. Henceforward, this study has broadened our understanding on
the intricacies of TVD as a collaborative costing approach which differs from the dominant
practices in the UK. However, the limitation of the present study was based on literature
review but urges future empirical studies in this area, potentially probing on the issues
earlier highlighted in this paper. In stark comparison to the TVD cost model, the UK cost
management practice is yet to adopt the essential ingredients that incorporate
collaboration in its costing approach despite the introduction of Cos-led Procurement by
the government in 2012. Indeed, TVD is a key component that allow effective collaboration
and better project delivery.
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IMPACT OF SUPPLIER EVALUATION ON PRODUCT
QUALITY
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Musick

Abstract: Supplier evaluation and engagement are regular topics in the Lean
literature at large. It is well known that Toyota extensively works with suppliers to
develop their work and capabilities, and provides challenges and feedback to
suppliers so that they can achieve the quality requirements defined by the company.
In the construction industry, companies conduct evaluations of suppliers, but
practitioners cite numerous reasons why supplier evaluations are not constantly
shared with suppliers. Moreover, the topic of supplier evaluation and how suppliers’
ratings affect the delivery of products free of defects to construction projects has not
received much attention by the IGLC community. This paper presents results of a
study, which underscores the importance of conducting supplier evaluation as a
means to assure quality products are delivered to construction projects. Findings
show that suppliers with low ratings, or who are not evaluated, are assigned more
hours of inspection, as are suppliers who subcontract portions of their work. This
practice translates not only into additional budgets required to inspect suppliers, but
also additional management-related costs.

Keywords: Lean construction, supplier evaluation, nonconformances, quality.

1 INTRODUCTION

The topic of supplier evaluation is usually discussed as part of materials management
and procurement evaluations (Construction Industry Institute [CII] 1999), as well as
studies related to risk analysis in construction projects (Monckza et al. 2016). Suppliers
are usually evaluated prior to being hired to deliver a purchase order (PO) through the
use of “formal supplier evaluation systems,” and contractors are more likely to have
these systems than owners (CII 1999). Despite having formal systems to evaluate
suppliers, a recent study by CII RT308 revealed that contractors are evenly split (54.4%
yes vs. 45.6% no) when it comes to the use of prior supplier evaluation to make decisions
about future purchases. Owners who participated in the same study were even less likely
to use prior performance evaluations to base their decisions to award POs (Alves et al.
2016b). This current practice goes against Lean principles that promote the use of
indicators and information to support a transparent management of value streams and

' Associate Professor, J.R. Filanc Construction Engineering and Management Program, Dept. of Civil,

Constr., and Env. Engineering, San Diego State University, USA, talves@mail.sdsu.edu

Graduate Research Assistant, Dept. of Civil, Constr., and Env. Engineering, San Diego State
University, USA, panthildesai@gmail.com

Dean, Graduate School and International Education, University of Arkansas, Fayetteville, AR, USA,
kneedy@uark.edu

Industrial ~ Engineer, Former  University —of  Arkansas student, Fayetteville, USA,
ashleigh.hegwood@gmail.com

Director, Performance Excellence, MEI Technologies, Inc. (MEIT), Houston, TX, USA
seanmusick@gmail.com

11 | Proceedings IGLC | July 2017 | Heraklion, Greece



Impact of Supplier Evaluation on Product Quality

working with suppliers to promote continuous improvement. Supplier ratings are
collected but, unfortunately, not much is done with them. This paper discusses results of
a recent survey with construction companies in the Engineering Procurement and
Construction (EPC) industry. Hypotheses are developed and tested to verify the
relationship between supplier ratings, inspection hours, and final product quality.

2 LITERATURE REVIEW

Suppliers play an important role in the literature on Lean practices throughout multiple
phases of a product life-cycle, from the development of suppliers, through product design,
manufacturing, and distribution. Liker's Toyota Way (2003) describes at least three
principles that directly relate to the discussion presented in this paper: Principle 5: Build
a culture of stopping to fix problems, to get quality right at the first time; Principle 17:
Respect your extended network of partners and suppliers by challenging them and
helping them improve; and, Principle 18: Go and See for yourself to thoroughly
understand the situation (Genchi Genbutsu).

Liker's (2003) principles 5 and 18 are also supported by the discussion presented by
Rother (2010, p.181), who stresses the importance of process improvement at Toyota and
how it responds to process abnormalities: the responses to process abnormalities should
be immediate; and, the response to process abnormalities should come from someone
other than the production operators. The former statement underscores the importance
of dealing with problems as soon as they happen so that adjustments can be made before
any targets are missed and before the problems grow bigger. This suggests that a team
leader should be appointed to help teams proactively resolve these problems.

Before becoming a preferred partner at Toyota, suppliers often work closely with the
company for many years before they are ever awarded a PO. Toyota has high
expectations for its suppliers and, during the years before the award of a PO, suppliers
learn about these expectations and how they will work in practice (Liker 2003). The
literature on supplier evaluation shows that suppliers who are frequently evaluated,
receive feedback about their performance, and know what is expected from them
perform better and are more committed to their clients as they can adjust their processes
to match clients’ requirements (Kannan and Tan 2002; Prahinski and Fan 2007).
Moreover, Walsh et al.'s (2015) study in the EPC industry revealed that companies that
communicate more often with suppliers, use supplier ratings, track indicators like cost
and time spent on POs, and use suppliers with quality management systems tend to find
nonconformances (NCs) early in the life of a PO, preventing these NCs from reaching
construction projects.

In addition to these principles that can be used to support a healthy environment to
respect and grow the capabilities of an extended network of suppliers, another principle
outlined by Liker (2003) supports the discussion presented herein: Principle 1: Base your
long-term management decisions on a long-term philosophy, even at the expense of
short-term financial goals. The study presented in this paper illustrates how suppliers
with low ratings are hired at the expense of product quality. This often happens because
of low PO costs offered by these suppliers, and the practice adopted by some companies
to compensate this deficiency is to assign additional inspection hours to a PO instead of
working with suppliers to improve their capabilities.
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3 RESEARCH METHOD

This study was developed as part of the extension work of the research team 308 (RT308)
funded by the Construction Industry Institute (CII) from 2015-2016. RT308 membership
included academics (co-authors of this paper) and industry practitioners (owners, EPC
contractors [co-author], and suppliers) referred to subject matter experts (SMEs) in this
paper. As part of the team’s goal to define ways for companies to determine the
fabrication and inspection capabilities of suppliers, the team developed a survey (PO
instrument), which was initially tested within the team, revised, and later distributed to
the CII membership. The PO instrument was developed based on RT308’s previous work
(Walsh et al. 2015) and adapted to address one single material: shop fabricated piping.
The SMEs suggested that the team should be able to collect data on this product which is
present in virtually any project they developed, and in future efforts the PO instrument
could be adapted to collect data for other materials so that fabrication and inspection
capabilities can be defined for them as well.

The PO instrument, fully available at Alves et al. (2016b), contained 28 questions
organized into four main parts: contact data from the respondent (to clarify any
questions about the responses) and project demographics (name, type, dollar value, role
of the respondent); basic data about the single PO being used in each survey (reference
number, number of spools dollar value of the PO, inspection hours budgeted, location of
supplier facility, and criticality level of the PO); pre-award evaluation (level of inspection
assigned, existence of supplier evaluation/reasons for doing or not doing so, pre-award
supplier evaluation using criteria discussed later in this paper); and post-execution
evaluation (inspection hours utilized, existence of subcontracting, final level of
inspection, comparison between planned vs. actual hours of inspection, total number of
pipe spools received for the PO, number of unplanned quality events, post —award
supplier evaluation using criteria discussed later in this paper). The institutional review
boards (IRBs) at San Diego State University and the University of Arkansas, Fayetteville
approved the survey distribution and handling of data obtained, which also complied
with CII guidelines for data collection and analysis.

3.1 Hypotheses Testing

RT308 developed the hypotheses outlined in Table 1 to investigate the relationship
between certain practices and characteristics of the PO indicated by respondents. Only
hypotheses related to supplier ratings and product quality are discussed in this paper. A
full discussion of all hypotheses tested can be found in Alves et al. (2016b).

The Mann-Whitney (M-W) test, also known as Wilcox-Mann-Whitney test, was
used to evaluate the hypotheses given that the data was not normally distributed. The M-
W test is considered a statistically powerful test among all non-parametric tests (Field
2012).

Data entries submitted through Qualtrics (an online survey platform) were reviewed
and questions were cleared with respondents. The analysis was developed using IBM
SPSS and data was organized and analyzed using Field's (2012) recommendations. The
questions used to conduct the analysis are also shown in Table 1.
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Table 1: Hypotheses related to supplier evaluation and number of NCs

Hypothesis

Source of date in new PO instrument

Hypothesis 2: A supplier with a higher
rating will have a higher Py, (fabrication
capability) and fewer inspection hours
budgeted.

Hypothesis 4: More sub-suppliers
associated with a PO (Q-21) leads to a
lower Pg,, and more inspection hours

Hypothesis 6: Higher supplier ratings

(24) should result in lower number of
NCs at shop.

Hypothesis 8: The number of inspection
hours will be higher on POs for which
the supplier was not evaluated.

Hypothesis 9: More inspection hours are
spent when the supplier’s rating is low.

Q-10 Inspection hours budgeted; Q-24
Post-execution evaluation.

Q-21 Supplier subcontracting a portion of
the work for PO; Q-19 Inspection hours
utilized

Q-24 Post-execution evaluation; Q-27

Number of unplanned quality events at

the shop.

Q-10 Inspection hours budgeted; Q-
14 Did you perform a supplier
evaluation before the PO was issued?

Q-19 Inspection hours utilized; Q-24 Post-
execution evaluation.

3.2

Supplier Evaluation Criteria

After an analysis of supplier evaluation procedures provided by RT308 members, a list of
items evaluated was compiled and presented for discussion in one of the team’s meetings.
The subject matter experts (SMEs) categorized the items identified into nine categories,
which were later used in the PO instrument to assess supplier pre- and post-execution on
a Likert scale from 1 to 5 (Alves et al. 2016a):

Plant operations / Building and infrastructure — storage and shipping, structure
for QA/QC personnel and records, examination and testing, housekeeping,
security.

Manufacturing capability — machining capability, fabrication capability
(including welding, coatings, etc.), capability to manufacture per user
requirements, calibration records and procedures, non-destructive testing and
inspection capability and quality, shop capacity.

Experience and qualifications — geographical areas in which supplier is qualified

to work, familiarity with codes specific to certain geographic regions,
certifications (ASME, AP, etc.), work history.

Workforce — documented training of the workforce, craft types available at
location, qualifications of the workforce, source of backup workers.

Engineering capability - professional/technical specialties held in house,
compliance with documents and specifications, cooperation, responsiveness of
requests, and turnaround documents, robust document management system.

Material control — QA/QC manual for material control, process for material
substitution, material verification, prevention of counterfeit materials, material
certification.

Adherence to procedures and standards — adherence to codes and specifications,
quality, legibility and completeness of documentation, non-conformance control,
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proper notification of inspection and hold points, Identification of parts -
traceability.

o Safety adherence and record — written safety, health and environmental program,
compliance to local/governmental safety and environmental requirements,
experience modification Ratio (EMR), total recordable incidence rate (TRIR).

e Handling of subcontractors/sub-suppliers -  outsourced/subcontracted
product/service control, procedure to check subcontractor compliance with
quality requirements, documented evidence of compliance, auditing
subcontractors, ability to schedule and expedite subcontractors/sub-suppliers.

4 ANALYSIS OF RESULTS

A total of 41 POs were received by RT308, however, not all submissions had answers to
all questions, e.g., number of nonconformances at the site were not indicated, pre-award
evaluation not available. This resulted in different numbers of POs being used to
evaluate different questions. Only a few responses regarding pre-award supplier
evaluation were submitted, however, most respondents had post-execution evaluations,
which were used to analyze the hypotheses discussed in this paper. The team had
originally hoped to evaluate differences between pre-award and post-execution, but due
to the low number of data points for pre-award that was not possible. During both
phases of RT308’s project, respondents to both PO surveys indicated multiple reasons for
not evaluating suppliers (Alves et al. 2016a, b) including: supplier had been evaluated by
owner of the project, evaluations had been updated with post-execution, existence of
approved list of suppliers did not require additional evaluation, the client had issued the
PO, and previous experience with the supplier.

4.1 Demographics

The data came from 10 companies representing 37 different projects. Out of that sample,
owner companies submitted 10 POs (24%) and contractors submitted 31 (76%). One
single company submitted 15 POs, and the authors understand that this is a limitation of
this data set. The POs dollar values ranged from $255,000 to $50,660,888. The total dollar
value of all submitted POs was $281,091,967. About 63% of the POs submitted had a
dollar value between $1 million and $10 million, 20% were between $100,000 and $1
million, and 17% of the POs were over $10 million. The minimum number of spools in a
single PO was 16 spools and the maximum number was 37,500 spools.

Among the 41 POs, about 90% of the POs were delivered by suppliers located in
developed countries and 10% by suppliers in developing countries. For confidentiality
reasons, the instrument did not collect data about the names of specific suppliers, only
the location of the facility that manufactured the order was recorded. However,
respondents indicated 19 specific cities, some of them appearing more than once, and
others indicated only the country where the supplier’s facility was located (e.g., USA).
Additionally, in 32% of the 41 POs, the supplier had subcontracted a portion of the PO.
Data reveal that subcontracting is a common practice even for commodities such as shop
fabricated piping. The analysis of the POs submitted revealed that 47.5% of the POs
ended up with an inspection level higher than originally budgeted, 35% had a lower
inspection level at the end, and only 17.5% had the inspection level to be equal to the
budgeted level. The analysis revealed that inspection work was under planned for 14% of
the POs submitted.
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4.2 Supplier rating cut-off: high vs. low ratings

Once the team started the analysis of the PO instrument data, a cut-off value of the 5-
point Likert scale had to be selected to categorize high versus low supplier evaluations.
At first, the cut-off value of 4 was chosen for high rating, and suppliers with a rating
equal or higher than 4 would be considered highly rated, whereas anything below that
would be treated as low rating. To confirm this decision, a sensitivity analysis was
carried out to investigate if a different cut-off number should be used in the analysis.

The analysis used the supplier ratings for post-execution evaluation and the number
of NCs found for a same PO. Cut-off values of 3, 3.5, 4, and 4.5 were evaluated and
outliers were addressed. To see this detailed sensitivity analysis refer to Hegwood (2016).
The analysis revealed that moving the cut-off to a supplier rating of 3 or 3.5 would allow
too many data points where the specific PO had a high number of NCs associated with
the product. Conversely, a cut-off rating of 4.5 left only a few suppliers with a low
number of NCs. The lower the cut-off rate, the higher the number of discrepancies
linking the numbers of NCs and the supplier ratings, and the higher the number of
suppliers who would receive a good rating with a high number of NCs when compared
to other suppliers in the sample. Finally, the analysis suggested that the cut-off rate of 4
was appropriate as suppliers with ratings of 4 and above did not consistently display a
high number of NCs when compared to suppliers getting lower scores.

4.3 Analysis of Hypotheses

Table 2 shows the findings related to the hypotheses testing conducted by the team.
Results are organized to indicate what matters when supplier ratings are considered. It is
worth noting that the data used in this discussion was not normalized by the cost of the
PO or the number of spools in a PO. When the data is normalized, results change in
some cases (that is, results might not be significant). Results were discussed with the
team’s SMEs and the non-normalized numbers presented herein where considered
representative for this analysis. A full analysis can be found at Alves et al. (2016b).

The testing of Hypothesis 2 (a supplier with a higher rating will have a higher Pg,
(fabrication capability) and fewer inspection hours budgeted) indicated that more
inspection hours are budgeted when supplier ratings are low, that is lower than 4
(p=0.001, highly significant). Similarly, Hypothesis 4 (more sub-suppliers associated with
a PO leads to lower Pfab and more inspection hours) was also confirmed (p=0.01,
significant) as more inspection hours are used when portions of a PO are subcontracted.

Hypothesis 6 (higher supplier ratings should results in lower number of NCs at the
shop) was confirmed as well (p=0.000, highly significant) as more NCs are found at the
shop when the supplier rating, as measured using the criteria presented above, is low
(below 4). Hypothesis 8 (the number of inspection hours will be higher on POs for which
the supplier was not evaluated) was confirmed (p=0.018) in that more inspection hours
are budgeted when the supplier is not evaluated. Finally, Hypothesis 9 (more inspection
hours are spent when the supplier’s rating is low) was confirmed (p=0.000) as the
analysis revealed that more inspection hours are spent when the supplier’s rating is low
(below 4).

The analysis presented underscores the importance of selecting suppliers with good
evaluations, and, more importantly, developing suppliers to achieve higher ratings and
meeting clients’ demands and expectations. The analysis developed with the support of
the team’s SMEs indicated that suppliers with low ratings usually have the lowest cost
and are perceived by procurement professionals to provide the best deal for their projects.

16 | Proceedings IGLC | July 2017 | Heraklion, Greece



Thais da C. L. Alves, Panthil Desai, Kim L. Needy, Ashleigh Hegwood, and Sean Musick

This goes against the idea exposed in The Toyota Way’s Principle 1: Base your long-
term management decisions on a long-term philosophy, even at the expense of short-
term financial goals (Liker 2003). Also, suppliers who subcontract parts of their POs
might display a low price tag at first, but costs add up when problems arise with their
extended supply chain. The problem is, according to RT308’s SMEs, they do not always
know about subcontracting practices ahead of time.

Table 2: Findings RT308’s project extension and practical implications

Description Does it make How? Why? When?
a difference?
Suppliers with low Yes More inspection hours budgeted and more NCs are
ratings in evaluations. found at the shop. This suggests that additional

money ends up being spent to assure quality when
these suppliers are selected.

Subcontracting, even Yes During the pre-award evaluations, subcontracting
for portions of a should be factored in as something that will increase

commodity like shop the costs of surveillance and quality assurance.
fabricated piping,

result in more hours of
inspection budgeted.

Pre-award evaluation Yes More budgeted inspection hours are used when the
of suppliers. supplier is NOT evaluated. This finding adds to

RT308’s previous findings in that both pre-award
and post-award evaluation matter and should be
used in continuous improvement efforts.

When suppliers are not evaluated, organizations are unclear regarding what to expect
and this results in additional budgeted hours to assure quality. Previous RT308’s findings
indicated that companies often do not share potential feedback and ratings because of a
fear of lawsuits (Walsh et al. 2015). Due to adversarial relationships found in the
industry, often times suppliers and contractors do not receive the feedback they might
have to share with one another, and lessons learned are not shared (Caldas et al. 2009).
These attitudes do not help to build respect in these organizations extended networks of
suppliers and it certainly does not help them improve.

Additionally, data on supplier evaluations and NCs are collected but not used to
make decisions on new purchase orders or are erased as new POs are evaluated and
included in companies’ databases (Alves et al. 2016a). Companies could use this data to
develop predictive analytics, based on machine learning algorithms, to inform their
supplier selection processes and improve the quality of products they use in projects.

5 CONCLUSIONS

This paper presented the results of a study that investigated the link between supplier
ratings and current industry practices, inspection hours, and nonconformances. EPC
companies are missing opportunities to resolve problems as they appear on the shop
floor, understanding the situation, and working to prevent new incidents. Data suggests
that suppliers with low performance ratings and those that subcontract work likely
require more inspection hours when they are awarded a PO due to the likelihood that
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more NCs are found at the shop. Instead of working with suppliers ahead of the PO
execution to prevent these problems, organizations are just increasing their inspection
effort, without necessarily addressing the root cause of problems. The number of POs
assessed and the specific material considered limits this study’s conclusions. Future
studies might consider using a larger dataset, impact to safety performance, and different
materials to validate and expand the results presented. Additional analyses of the
current dataset are underway and will be reported by the authors in future publications.
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TESTING THE VALUE OF BEST VALUE: EVIDENCE
FROM EDUCATIONAL FACILITIES PROJECTS

Gerald Eke 'and John Elgy 2

Abstract: Contractor selection is one of the most important step in ensuring the
success of any construction project. Failing to adequately select the winning
contractor may lead to problems in the project delivery phase such as bad quality and
delay in the expected project duration; which ultimately results in cost overruns. This
paper presents an approach by which a what-if scenario can be analysed in
educational facilities projects in the UK; therefore if the client selected the best value
contractor for a project whose submitted price is not the lowest price, a what-if
scenario was conducted to show how the lowest priced contractor would have fared
had he/she been awarded the contract instead. This was done by analysing historic
data of projects that have selected the lowest priced contractor. Then correlations
were derived between variables; which was then be inputted into a Monte Carlo
Simulation to analyse 3 real educational facilities projects that used a best value
selection method. Using Monte Carlo Simulation allowed us to see all the possible
outcomes of cost, and duration. It was concluded that selecting the best value
contractor in educational facilities projects may not be necessary in terms of cost.

Keywords: Educational facilities projects, Contractor selection, Best value contractor,
lowest priced contractor, Monte Carlo simulation.

1 INTRODUCTION

Selecting the most appropriate contactor is significant to project success (El-Abassy et al.,
2013). Bid price has long been the most dominant criterion for selecting contractors in the
UK (Holt et al., 1994). However, due to the different level of complexity and dynamics
involved with construction projects, bid price can no longer be the most dominant or the
sole criterion for selecting contractors (El-Abassy et al., 2013). Therefore, there are two
strategies involved with selecting contractors: one is the lowest priced, the other is called
best value or the Most Economically Advantageous Tender (MEAT). If the client chooses
to go for the latter strategy, this would involve scoring the contractors' bids on price and
quality and ranking them. But what is quality? Which criteria defines quality? There is no
set definition for this, each client would their own unique definition of what quality, thus,
what best value is to them. Therefore selecting contractor on best value is not as
straightforward as awarding the contract to the lowest bidder. This is one of the reasons
why industry professionals are finding it difficult to embrace the concept; judging by how
the traditional procurement method, which uses the lowest bid award criterion, is still the
most used procurement method in the UK (NBS, 2015). There are various models
developed in order to help with contractor selection such as simple weighting, Analytical

' School of Engineering and Applied Sciences, Aston University, Aston Express Way, Birmingham B4 7ET.
Email: ekegue@aston.ac.uk

? Senior Lecturer of School of Engineering and Applied Sciences, Aston University, Aston Express Way,
Birmingham B4 7ET. Email: j.elgy@aston.ac.uk

19 | Proceedings IGLC | July 2017 | Heraklion, Greece



Testing the Value of Best Value: Evidence From Educational Facilities Projects

Hierarchy Process (AHP), Analytical Network Process (ANP), and multi-utility theory,
however only a handful of these models have substantially investigated the link between
contractor selection and cost overruns (or project result). For example, Abdelrahman et al.
(2008) for one, introduced a concept of best value modelling that was specific to each
project; combing two application method: the weighted average method and AHP method.
Their tool ranked contractors on best value by using a methodology for quantifying the
qualitative effect of subjective factors in the selection process. Cheng and Li (2004) used
ANP as an extension for AHP in order to allow access to the interdependent influences
specified in the developed model. Kwong et al. (2002) and Bevilacqua and Petroni (2002)
used the combination of a scoring system and fuzzy theory for ranking the best value bids.
Bendana et al. (2008) also developed a fuzzy logic assessment model both the qualitative
and quantitative issues that influence whether or not a contractor is suitable to win the bid
for the project. These decision support tools have aided in selecting the best value
contractor, however we are still none the wiser as to whether they lead to successful
outcomes. The research has conducted a what-if analysis on educational facilities projects
in the UK in order to know whether selecting the best value bid is worth it in educational
facilities project. This study is not advocating choosing one strategy over another.
Furthermore, this does not imply that a selection strategy is the only factor responsible for
delivering a successful project, as there are other factors that leads to overruns (see
Flyvbjerg, 2008; Cantarelli et al., 2010).

2 CASE STUDY

2.1 Initial Analysis

The Building Cost Information Service of RICS (BCIS) database was used to conduct this
study. A total of 120 Educational facilities projects, all of which was awarded to the lowest
bidder, were analysed. Each project showed:

e Details of the contract awarded (tender bids received from all the contractors that
bided for the project; companies shall remain anonymous)

e Selection criteria; (lowest tender accepted)
e The wining contractor: the eventual tender accepted

e Project outcome cost: initial tender cost, final cost, the expected duration, and
actual duration.

The BCIS database states the reasons for overruns, for example there was a project that
overran by £20,000, and this was due to the client making design changes. These sort of
projects were not used for this study; all 120 projects where cases whereby the contractor
solely impacted the outcome of the project, at least form the reasons given. The study was
to see whether awarding the project to the lowest tender will result in a higher outcome
cost, and duration than awarding to the best value tender.

From this dataset (120 project cases), correlations were derived between three variables
using Excel (see Table 1 for correlation):

e Bid price (BP, which in this case, is always the lowest tender)

e The difference between the final cost of the project and the tender accepted price

(Diff)
e Delay
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Table 1: Correlation between BP, Diff, and Delay

BP Diff Delay
BP 1 0.570946 -0.02224
Diff 0.570946 1 0.021491
Delay -0.02224 0.021491 1

2.2 Model Development

Cost and time are two of the most important objectives which can easily be quantified.
Quality on the other hand is subjective, thus making it more difficult to quantify. However,
there are concepts that have been introduced to try and quantify it (see Juran, 1951; Crosby,
1979; and Waje and Patil, 2012). This study however, focuses on how the strategy affects
the outcome cost and duration. As there is no universal way of judging quality, it was not
used as a parameter for this experiment.

The developed simulation model for assessing how the lowest priced contractor would fare
if he/she is awarded the contract simply simulated the correlation given in Table 1. This
model provided the frequency distribution of all the possible final costs that a project could
incur. The model was developed using the MATLAB R2014b software; this is a
predominantly mathematical modelling environment that performs the Monte Carlo
simulation approach effectively and efficiently.

The strength of the tendency is measured by the correlation between low tenders and the
difference between the final cost of the project and the tender bid (Diff). In simple terms
this can be expressed as the correlation coefficient, p. In order to generate a set of
correlated random numbers a simple equation will be used

x=An (1)
Where x is a vector of n correlated random numbers of mean zero and unit standard
deviation , which will be rescaled later to produce quality, overrun, tender price later. A

is an nxn matrix of coefficients and n a vector of n independent random numbers to some
distribution with zero mean and standard deviation of one.

X1 A11 A12 A3 T A1y
Xo Az1 Qdz2 Adz3 - Aznl|n,
X3|=1431 a32 4a33 - A3zn|[n;
see a1,1
Xn dpq1 dp2 aAnp3 °° dApn Nn

A can be evaluated by taking moment and mathematical expectations as proposed by
Matalas (1967).

Post multiply both sides of equation 1 by x* gives
xx' = An(An)*
xxt = AnmtAt (2)

If we take the expected values of these then the expected value of xx' E(xx")is the
correlation matrix between all of the values, M

1 P12 = P1in
m=|(Pzr 1 P
Pn1 Pn2 1
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Since the n values are independent of one another their expected cross correlations are

zero with the diagonal elements the variances of the elements, 1. This is the identity matrix
L

Any matrix pre or post multiplied by the identity matrix is unaltered therefore the expected
values give.

M = AA'(3)
Any matrix multiplied by its own transpose will give a symmetrical matrix and the
correlation matrix is bound to be symmetrical. This means that there are effectively only
n(n + 1)/2 independent variables in A. There are numerous ways to evaluate these
independent variables, for example by assuming A is upper triangular or using the

eigenvectors and eigenvalues of M. Since Matlab has a function to do this this will be the
function used.

In this simulation experiment the correlation from Table 1 are used to derive random
numbers which are then inputted into the model. This then generates frequency
distribution of the tender bids accepted, which is instructed to always be the lowest price,
a Diff cost, and Delay time. Subsequently these distributions are then used to calculate the
frequency distributions of Total cost and Actual Duration of the projects.

Total cost = BP + Diff (4)
Actual Duration = Client’'sexpected duration + Delay (5)

2.2.1 Simulation

Remember that the study aims to show how the lowest tender would have fared on a
project that has already been awarded to the best value tender. Therefore the first
experiment is to test the model on three real educational facilities projects to see whether
it was able to predict the frequency distribution of all the possible outcomes. If the actual
project outcome is within the minimum and the maximum values, this validates the model.
The Tables below show the tender bids of the 3 projects awarded to the lowest tender, their
actual outcomes, and the simulation results.

Table 2: Lowest tender projects

A B C D E F Exp.(da
ys)

1 £737,5 | £791,162 | £793,524 | £805,139 | £831,777 | £1,069,635 | 134
86

2 £1,802, | £1,835,2 | £1,894,6 | £1,918,7 | £1,942,1 225
892 19 98 92 07

3 £607,1 | £610,510 | £611,573 | £620,263 | £622,677 | £649,873 225
07

Table 3: Outcomes P1, P2 and P3

Minimum Maximum Mean Actual
FC £766,370 £816,820 £790,270 £784,667
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Time 97 206 139 157

Diff £28,784 £79,234 £52,684 £47,081
FC £1,797,600 £1,849,900 £1,824,700 £1,814,892
Time 167 291 230 225

Diff -£5,292 £47,008 £21,808 £12,000
FC £584,060 £640,740 £611,670 £638,271
Time 161 297 230 225

Diff -£23,047 £33,633 £4,563 £31,164

Therefore, as the actual outcomes were able to fall within the envelope of the predicted
outcomes from the model. The model could now be tested in 3 real educational facilities
projects that selected the best value tender. In this case, the actual outcomes would be that
of the best value tender. In Figure 5, Contractor C was selected in Project 4 and 5, and
Contractor B was selected in Project 6.

Table 4: Best value tender projects

A B C D E F Exp.(da
ys)
4 £4,299,66 | £4,343, | £4,371,59 | £4,447,08 | £4,724,37 | £5,017,1 | 292
4 931 6 1 0 68
5 £2,096,38 | £2,108, | £2,123,91 | £2,206,34 | £2,278,74 134
8 776 8 0 3
6 £261,778 | £313,82 | £328,959 | £376,187 89
6
Table 5: Outcomes P4, P5, P6
Minimum Maximum Mean Actual Actual- | Actual-
Max Mean
FC £4,291,400 £4,328,600 £4,309,000 | £4,371,596 | +£42,996 | +£62,596
Time | 225 364 297 292 +72 days | +5 days
Diff | -£8,254.40 -£28,947 £9,370 £0.00
FC £2,069,300 £2,120,100 £2,095,600 | £2,123,918 | +£3,818 | +£28,318
Time | 73 205 139 134 +71 days | +5 days
Diff | £2,511.70 £23,712 £28,839 £0.00
FC £288,980 £343,820 £317,660 | £343,200 | -£620 +£25,540
Time | 51 155 94 89 +66 days | +5 days
Diff | £27,202 £82,043 £55,884 £29,374

2.2.2  Sensitivity Analysis

A sensitivity analysis was done to see how many times the lowest bid would still be
the best overall bid if the correlations between the Bid Price (lowest tender) and the Diff
in Table 1 changed using Project 1. Interestingly, it did not entirely affect the outcomes;
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the lowest bid still turned out to be the best bid majority of the time (see Figure 1). The
sensitivity analysis was conducted on Project 1.

Correlation, Quality Variance, and Count

Figure 1: Correlation, Diff, and Count

o The X-axis is the correlations that ranges from -0.8 to 0.8 (removing the
extremities of -+1 and 0.9), with a step of 0.1; this is then given a range from 0 to
17.

e The Y-axis is the standard deviation of Diff that ranges from £1000 to £30,000; this
is then given a range from 0 to 30.

e The Z-axis counts the number of times that the lowest tender did turn out as the
best overall bid; in other words if the amount of time that the lowest bidder’s
outcome cost, turns out to still be lower than the next highest bid.

e The model was given 5000 realisations.

The result of this analysis showed that when the correlation is highly negative, given the
range of Diff, there is still a high chance that the lowest tender is the best bid; at least 82%
of the time. The more positive the correlation becomes, given the range of Diff, the higher
the chance that the lowest tender is the best bid. This sort of result is impossible to analyse
by only altering the correlation; which is why the standard deviation was also altered to
show the surface of the curve. The result supports Project 1 model results, given the
correlation used for the model, which had a high chance of the lowest bidder turning out
to be the best bid in terms of outcome cost. The reason for this is possibly due to the fact
that the standard deviation of the tender prices in Project A was over £100,000; the lowest
bid for example was £737,586, while the highest bid was £1,069,635. This means that the
overrun cost of going with the lowest bid should be over £300,000 for the lowest bid not
to be the best bid, if we are just comparing the two. Therefore further analyses is required
which involves reducing the standard deviation of the tender price and increasing the
variance of Diff to see how this would affect the results.
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3 DISCUSSION

In Project 6, the best value tender overran by almost £30,000 but still manages to deliver
the project in 89 working days, which was the client’s expected duration. Interestingly, the
maximum cost the lowest tender would have achieved is just £620 over the actual cost of
the project, though the risk of it happening was slight. This possibly suggests that a scope
was added to the project, or an unforeseen situation developed that affected the cost. Apart
from that, the result showed that there was a higher chance of the lowest tender
completing the project at a lesser cost to the best value tender; despite the fact it incurs a
cost overrun. This is also the case with Project 4 and 5.

However, the notion of selecting contractors on best value tenders does not only
depend on cost. Though best value will have a different meaning to different people, a
client’s best value expectation may be quicker duration time. In terms of that, the results
show that despite the fact that there is a high chance that the lowest tender will complete
the project at a lesser cost than the best value tender, it may come at the expense of it
exceeding at the client’s expected duration. There is a risk that the project would take
longer to complete if given to the lowest tender, therefore, it comes down to how risk
averse the client is. Would the client be willing go with the lowest tender but risk a longer
duration time? One can argue that these results are based on the fact that in educational
facilities projects, requirements are usually familiar, and building parameters are not very
complex. However, the strength of this study is that it is also able to show when projects
may not turn out as planned.

4 CONCLUSIONS

This study looked at how the lowest tender would have fared in projects that awarded
contracts to the best value tender had he/she been awarded the contract instead.
Correlations were derived from 120 educational facilities projects in the UK, this was
inputted into the model that was first tested on 3 real projects in the same sector that chose
the lowest tender. This was in order to see whether the actual outcomes of these projects
would fall within the envelope of all the possible outcomes that was predicted in the model.
Then, the same model was then tested in 3 real educational facilities projects in the UK
that picked the best value tender. All 120 projects were cases where the contractor was
mainly responsible for the project outcomes, for example they were no design changes
reported or any other reasons from the clients' side that affected outcomes. The results
showed that though it is likely that the lowest tender would deliver at a lesser cost than
the best value tender, it will likely overrun both in cost and duration. Therefore it boils
down to how risk averse the client is in taking the chance, and what best value is to
him/her. The sensitivity analyses conducted for this study involved changing the
correlations, this had little effect to the outcomes. Further analyses that include changing
the correlation and the standard deviation would have to be undertaken to see how it
affects outcomes.

Furthermore, the results shown in this study is limited to educational facilities projects.
Thus, the study should be done in other sectors, and even with individual clients, to see
how the lowest and best value tender fare. Perhaps, the fact that educational facilities
projects are less likely to change in terms of scope would mean that the lowest tender
would generally fare well. Also, it is important to note that clients now utilise a preferred
contractors’ list, therefore the assumption is that every contractor that makes the list is
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capable of delivering. This may be entirely different in other sectors in the construction
industry, therefore further study is required. Finally, the use of the BCIS database may
possibly bring in a certain level of bias. It is likely that companies are likely to report
projects which went considerably well; thus results should be interpreted with a bit of
caution. However, this dataset was validated on real life projects in which the outcomes
was known.
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INVESTIGATING ORGANIZATIONAL CAPABILITY
VIS-A-VIS HUMAN ACTION TO MINIMIZE POST-
CONTRACT TRANSACTION COSTS IN D&B
PROJECTS

Christy P. Gomez' and Abdulazeez U. Raji’

Abstract: This paper examines the role of human action for benefits realization (BR)
with respect to minimizing post-contract transactions costs (PTCs) in D&B
construction projects. PTCs are commonly associated with monitoring and control,
dispute resolution, and implementation activities during the construction phase of
projects. This is also an attempt to reaffirm the innovative potentialities of the D&B
procurement approach. Viewing BR as an emergent phenomenon, the relationship
between the independent constructs of contractors’ team-competency and team-
commitment with the dependent construct PTC in Malaysian D&B projects are
examined by means of hypothesis testing. Questionnaire survey data from a sample
of major D&B contractors in Malaysia was analysed using SmartPLS 3 to test the
two main hypothesis. The questionnaire survey was designed based on collation of
past literature findings and validated using a Delphi study undertaken with D&B
experts. Results indicate that contractor team-commitment has an overall positive
and significant influence on minimizing PTCs whilst team-competency has a strong
positive and significant influence. The findings also confirm that affective
commitment of D&B contractors' team to be the most significant factor. These
findings establish the extent to which human agency within its interplay with
structure can impact on construction project performance in D&B projects.

Keywords: Benefits realization, competency, post-contract transaction costs (PTCs),
design & build projects.

1 INTRODUCTION

This paper views benefits realization in construction projects as an emergent
phenomenon that needs to be understood within the lens of complexity theory that
accommodates the understanding of individual and social structure. In drawing attention
to the capability of human action to generate value in a "structured but loose manner",
we rely on structuration theory to situate this work on minimization of post-contract
transaction costs (PTCs) arising within D&B projects. The unit of analysis is the
construction project teams' capability, viewed as organizational capability. Management
of construction projects is complex, primarily due to the level of uncertainty and the
level of fragmentation. The traditional view of the project management 'team' that is
taken-for-granted in terms of an Integrated Project Delivery (IPD) team needs to be
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dispelled at all levels. In recognizing this, the focus of this paper is on contractor team-
competency and team-commitment in D&B projects, as latent variables affecting PTCs.
The project team or contractor team is viewed as a community of legitimate individuals
acting either as a tight-knit or loosely-linked group committed to value generation.

The actions aimed at minimizing PTCs are seen as being oriented towards Benefits
Realization, wherein requirements capture is a key feature. PTCs have been variously
described as being social waste (Koskela, 2010), a reflection of inefficient project
management practice (Li et al, 2015) and a bane of the fragmented nature of
construction. PTCs are commonly associated with monitoring and control, dispute
resolution, and implementation activities during the construction phase of projects (see
Appendix).

Although, higher levels of in-house expertise and structural efficiencies are deemed
to be the cornerstone of D&B organizations, D&B as a solution to better serve client's
needs seems not to have had a resounding success. It is affirmed by Jaafar & Radzi (2012)
that contractors in Malaysia are often nominated based on low-bid criteria, with little
emphasis on their competencies, therein often leading to the production of a failed
product that does not meet the client's needs. The practice of the D&B delivery system
in the construction industry is characterized by the D&B contractor organization
outsourcing consultants (expertise) to execute their projects (Gambo & Gomez, 2015;
Masterman, 2002). This is referred to as the fragmented D&B, a contradiction of sorts.
Hence, investigating minimization of PTCs as benefits realization (BR) within a much
beleaguered but potentially rich context-specific D&B procurement environment can
serve not only to address current D&B limiting practices but also to address the current
over-reliance on purely functionalist notions of structural mechanisms, and allow space
for the interplay between human agency and structure.

Although previous research points to an extended requirements capture process
(Leite et al., 2005), however Gomez and Raji (2015) argue that the current practice is still
entrenched in requirements capture mainly as a phase-static pre-construction output.
They propose that the client’s requirements needs to be incorporated within the scope of
a benefits maximization process based on a dynamic benefits realization model.
Kagioglou and Tzortzopoulos (2016) share the view that the traditional practice of
measuring benefits based on initial requirements is to be rejected, and emphasize on the
notion of actors as being involved both in undertaking and enacting process based on
Giddens structuration principle.

1.1 Transaction Costs for Project Delivery Systems

The TCs during the construction phase are known as post-contract TCs (PTCs). For an
industry that is attempting to reduce its fragmentation, obviously one clear measure to
gauge its performance is the reduction in transaction costs, more importantly that of
PTCs. These PTCs could be high due to disputes and litigation. It is found that the PTCs
for D&B range from 3.4% to 14.7% with an average of 9.5% of the overall project value
(Rajeh, 2014; Li et al., 2015). Based on a study undertaken by the authors, it is noted that
the situation is not very different for D&B projects in Malaysia, with an average of 9%
ranging from 3.5% to 13.5% of the project value.

1.2 Team-Commitment and Competency & Theoretical Framework

Organizational team-commitment and team-competency are two critical aspects of
organizational capability that significantly impact on organizational performance. The
D&B contractor team-commitment and team-competency measures were developed
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using the Delphi technique. These focused measures were initially collated from extant
literature under the broad category of organizational commitment and competency, and
formulated as a theoretical framework (see Figure 1). Through the Delphi refinement
process a final set of focused measures were identified. The Delphi study respondents
consisted of D&B practitioners and academia with expertise in the execution of D&B
construction projects in Malaysia. A total of 30 experts were invited to participate in the
Delphi survey which served as the first round of the survey. The experts were identified
based on the initial five experts having participated in a previous Delphi study on D&B
projects and then using the snowballing sampling technique to obtain the rest. However,
only twelve experts participated in the second round of the survey and further only ten
participated in the third round of the survey, which is considered to be acceptable in
using the Delphi technique. The responses of the experts through the three rounds of
Delphi were facilitated and the final consensus view of the D&B experts constituted the
questionnaire measurement constructs (see Appendix).

The epistemological basis for this work is embedded within Lean Production Theory
(Koskela, 2000), wherein knowledge or action in production is to be premised on
principles related to minimizing waste and maximizing value. In this paper construction
project performance is addressed in terms of minimizing PTCs in order to maximize
benefits for D&B clients in the construction industry.

D&B Contractors’
Team-Commitment

Affective Commitment
Continuance Commitment
Nommative Commitment

D&B Contractors’
Team-Competency

Knowledge Competency

D&B
Project Performance

Post-Contract

Transaction Costs
(1Cs)

Owners Behavior
Contractors Bebanvsor
Project Management
mefficiency
Uncertainty in the
Transaction

Environment

Functional Competency
Social Competency

Figure 1: Theoretical framework

The fundamental presumption is that D&B clients rely on the attitude and behaviour
of the team to act in the client's best interest. Hence, in the absence of such behaviour or
commitment from the contractors’ team, the D&B clients’ benefits would be plagued by
uncertainties, thus lowering the performance level and increasing transaction costs (TCs).
The conceptualization of the theoretical framework (see Figure 1) is based on the
Theory of Action and Job Performance (Boyatzis, 2008). According Boyatzis (2008)
theory of performance is the basis for the concept of competency. As maximum
performance is believed to occur when the person’s capability or talent is consistent with
the needs of the job demands and the organizational environment. The framework was
further developed using Williamson's (1981) analysis of the key contributors of TCs,
namely: the economic actors' behavioral assumptions, the lack of competency resulting
in bounded rationality and opportunism; and transaction characteristics such as asset
specificity, uncertainty, frequency and complexity of the construction projects.
Competency is operationalized by using three dimensions: knowledge, functional and
social competencies (Delamare Le Deist & Winterton, 2005; Sarmawa et al., 2015).
Whilst organizational commitment is taken to be an attitude which is characterized by
favourable positive cognitive and affective components about the organization. Attitude
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and behavioural aspects of ‘commitment’ are considered as antecedents to performance
(Mohyin, 2011).

Hence, it is hypothesized that D&B PTCs can be minimized by emphasising on the
different dimensions of contractors’ team-competency and team-commitment as shown
in Figure 1. The main and sub-hypothesis of the framework are:

The main hypothesis: H*: D&B contractors’ Team-Commitment positively influences PTCs

H®: D&B contractors’ Team-Competency positively influences PTCs

Sub-hypothesis: H1: D&B contractors’ Affective team-commitment positively influences PTCs
H2: D&B contractors’ Continuance team-commitment positively influences PTCs
H3: D&B contractors’ Normative team-commitment positively influences PTCs
H4: D&B contractors’ Knowledge team-competency positively intfluences PTCs
Hb5: D&B contractors’ Functional team-competency positively influences PTCs
H6: D&B contractors’ Social team-competency positively influences PTCs

2 METHODOLOGY

The population of study consisted of 4,625 G7 contractors (highest grade of registered
contractors, eligible to bid for value of work above RM10million) registered with CIDB
Malaysia based on the CIDB website directory as of December 2015. Based on Saunders
et al. (2012) sampling table, 357 G7 contractors were selected with 3% margins of error
and 95% confidence level. Structural Equation Modelling (SEM) using SmartPLS (3) was
used for the data analysis. A total of 248 questionnaires were returned with 17
considered as invalid. The collated data was tested for missing data and Monotone
Response Pattern. The data from the 231 questionnaires was analysed using SPSS
version 21.

3 DATA ANALYSIS

3.1 Assessment of Outer Model

Analysis of the measurement model (or outer model), was carried out to determine the
appropriateness of the theoretically defined constructs. The measurement model
extracted from the theoretical framework was examined to ensure the reliability of the
questionnaire. The three key aspects considered were factor loadings, composite
reliability (CR) and average variance extracted (AVE).

CR is calculated from the factor loadings of the observed variable. The composite
reliability values obtained lie in the range of 0.88 to 0.914, all of which exceeds the
recommended value of 0.70. The complete amount of variance in the observed variable
accounted by the latent variable relative to measurement error measured by the AVE
was between 0.589-0.726 for all constructs, and all greater than 0.50.

Figure 2 is the measurement model analysis of D&B contractor team-commitment
and team-competency on PTCs. D&B contractor team-commitment on the whole
reported R” 0.758, a positive but not significant relationship with PTCs, with continuance
commitment being not significant (B= 0.014, t-value (0.211) <1.96) as shown in Table 1.
D&B contractor team-competency reported R® 0.849, with all constructs indicating a
strong positive and significant relationship with PTCs as shown in Model B.

Table 1: Measurement model results
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2

Model  Dependent Independent Constructs  Path T Iy
Construct Coefficient  Statistics
D&B Contractor 0.758
5 Team Affective Commitment 0.59 9,614
—; Commitment Continuaice Commitment  0.014 0.211
s Normative Commitment 0.333 5.282
- D&B Contractor 0.849
< Team Competency  Knowledge/Cognitive 0.375 7.207
= Functional/Technical 0.268 6.706
= Social/Behavioral 0.354 6.256
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Figure 2: Measurement model
3.1.1 Construct Validity

The construct validity was confirmed by examining the respective cross loadings and
factor loadings, wherein all the constructs attained values greater than 0.50. The 32
observed variables had factor loadings between 0.708 - 0.908 (cut-off value for factor
loadings is 0.60) and all the values are positive and greater than the recommended value.

3.1.2 Discriminant Validity (DV)

The correlations between the measures of potential overlapping constructs was assessed
for DV. The measurement model demonstrated adequate DV as all the square roots of
AVE (values in bold, off-diagonal in Table 2) are greater than the correlations in the
respective columns and rows.

Table 2: Discriminant Validity

A CMT CCMT FCPT K CPT NCMT PICs S _CPT

A CMT  0.804

C_CMT 0.764 0.846

F_CPT 0.725 0.660 0.800

K_CPT 0.734 0.697 0.712 0.767

N_CMT 0.585 0.667 0.634 0.718 0.852

PTCs 0.774 0.618 0.816 0.755 0.679 0.818

S CPT 0.709 0.600 0.717 0.719 0.701 0.715 0.774

3.1.3 Hypothesis Testing

Table 3 presents the path coefficient (f) and their significance values in testing the
various hypothesis. Five of the six relationships were found to be significant except
C_CMT -> PTCs. Figure 2 shows the graphical representation of the inner model R’
coefficients.
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Table 3: Hypothesis Testing

Hypothesis Relationships Path T P- Decision
Coefficient  Statistics  value

H1 A_CMT ->PTCs 0.596 9.614 0.000 Supported
H2 C_CMT ->»PTCs 0.014 0.211 0.833 Not supported
H3 N_CMT ->PTCs 0.333 5.282 0.000 Supported

H4 K CPT -»PTCs 0.375 7.207 0.000 Supported
HS F_CPT -»PICs 0.268 6.706 0.000 Supported

H6 S CPT ->PTCs 0.354 6.256 0.000 Supported

Level of significance: * p<0.10 **p<0.05 ***p<0.01

The findings indicate that D&B contractor team-commitment overall has a positive and
significant relationship with PTCs (see Figure 3), path coefficient shows (f= 0.310, t-
value (4.220)>1.96). Whilst D&B contractor team-competency indicates a strong positive
and significant relationship with PTCs (B= 0.577, t-value (8.258) >1.96).
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Figure 3: Final measurement model

4 CONCLUSION

It is evident that the "innovative" D&B organizational structures have a tendency to
"degenerate” into hybrid forms apparently to take advantage of markets and avoid
hierarchies so as to minimize costs. However, this can compromise on process
efficiencies and "trigger" additional TCs. Viewing the problem from an analytical socio-
technical perspective and focusing on organizational capability vis-a-vis human action to
minimize PTCs, two latent constructs were identified from literature as components of
organizational capability namely: team-commitment and team-competency.

The findings indicate that D&B contractors' team-competency has a strong and
positive significant impact on minimizing PTCs, whilst team-commitment has a
significant but weaker impact. It is also evident that affective commitment is the most
significant factor towards minimizing PTCs, wherein the observable sub-factors are
viewed as indicators of project performance. Hence, it is proposed that in order to
minimize PTCs, team-competency and team-commitment needs to be given greater
emphasis in order for D&B projects to leverage on its full potential with respect to
permitting a greater interplay of structure and agency. The results of this investigation
also affirms the role of human agency in the benefits realization process.
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6 APPENDIX

MEASUREMENT ITEMS —D&B CONTRACTOR TEAM-COMPETENCY
Project knowledge competency

KCo1 Project oriertation: As part of the contractor team we understand the rationale for the project and we are aware
of the organizational context of the project

KCo02 Program oriertatiorr  As part of the confractor team we are capable of aligning program goals to business
strategy and develop new proposals for new proj ects supporting this strategy

KCo03 Svstem, products & teclpology: Aspart of the confractor team we understand and manage the causes and effects
of actions in the project effectively

KCo4 Finapce: As part of the contractor team we have adequate knowledge of and insght in the financial and
admini strative processes of the project and integrate these aspects in our actions

KC05 Legal: As part of the contractor team we are aware of legal. compliance and liability aspects of the project

Project functional competency

FCo01 D &B project requiremerit & objectives: As part of the contractor team we recognize and d early understand the
goals, client requirem ents and conditions of the project

FC02 Qualitv: As part of the confractor team we understand the quality aspects at project execution and manage the
realiz ati on of these aspects

FCO03 Chopiges: As part of the contractor team we are able to handle requests for change effic ently and effectively
taking into account the scope of the project and the impact of the changing dient’s requirements

FCO04 Commwpiicatiorr As part of the contractor team we are skilled in communication and deploy our skills
efficd enfly and effectively

Project Social competency

SCo1 Leadership: As part of the contractor team we stimulate and motivate team members and interested parties to
act in the interest of the project and show efficient and effective behavior

SC02 Engagement. As part of the contractor team we are personally committed and refl ect the personal buy-in from
all individuals associated with the project

SCo03 Results orientation: As part of the contractor team we do not lose focus on the project goals and the interests
of the dient

SCo4 Consultatiorr As part of the contractor team we analyze issuesand Stuations. seek advice and new insi ghts on
different alternatives

SCO05 Conflict & crisis: As part of the contractor team we recognize potential conflicts of interest or crisis at an early
stage and help proffer solutions that will solve the issue

SC06 Ethics: As part of the confractor team we clearly understand ethics and moral values and act accordingly

ME ASUREMENT ITEMS—-PTCS

PTC1 Owner Behaviow —L ate payment. Change orders Organizational inefficiency. Relationship with other parties

PTC2 Contractor Behaviow — Frequency of claims, Material substitution (variation order)

PTC3 Project Moragemert Efficiency — Quality of decisionmaking. Quality of communication L eadership.
Conflict Nfanagem ent, Technical competency

PTC4 Urcertabuty in Irosaction Exvironmennt —Project uncertainty. Opportunistic behaviour of contractor. Project
complexity, Completeness of design

ME ASUREMENT ITEMS —D&B CONTRACTOR TEAM-COMMITMENT
Affective Commitment

ACO01 As part of the contractor team we would be generally happy to spend the rest of our career in this organization

AC02 As part of the contractor team we really feel as if this organization’s problems are our own

ACO03 As part of the contractor team we do not feel emotionally attached to this orgamzation

AC04 As part of the contractor team the organization has a great deal of personal meaning for us

Continuance Commitment

CccCo1 As part of the contractor team it would be very hard for us to leave this organization nght now. even if we
wanted to

CcCo02 As part of the contractor team we feel that we have a few options to consider leaving this organization

CCo3 As part of the contractor team one of the few negative consequences of leaving this organization would be the
scarcity of available altematives

CcCo4 Aspart of the confractor team one of the major reasons we continue to work for this organization is thatleaving
would require considerable personal sacrifice: another organization may not match the overall benefits we have
here

Normative Com mitm ent

NCO01 As part of the contractor team we do not feel any obligati on to remain with our current empl oyer

NCo02 As part of the confractor team even if it were to our advantage. we do not feel it would be right to leave this
organization now

NCO03 As part of the contractor team this organization deserves our loyalty

NCo04 As part of the confractor team we would not leave our organization right now because we have a sense of
obligation to the people in it
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DESIGN-BUILD AND DESIGN-BID-BUILD IN
CONSTRUCTION- A COMPARATIVE REVIEW

Titouan Plusquellecl, Nadia Lehouxz, and Yan Cimon®

Abstract: This paper aims at synthesizing relevant findings about the Design-Build
(DB) construction delivery system from previous studies. It focuses especially on cost,
schedule, quality, and various sustainability aspects associated with a construction
project, as they are widely used as performance indicators in this industry. This work
has been done through a literature review and a content analysis, focusing on papers
comparing Design-Build to the classical Design-Bid-Build delivery system. The
results of the literature review show that Design-Build outperforms Design-Bid-Build
in terms of cost and schedule growth as well as in terms of delivery speed, all for a
similar quality. Furthermore, it may suggest that Design-Build could help in reaching
highly sustainable goals while being a key step in the implementation of lean
construction. This study might allow owners to save time in their investigation about
the performance of Design-Build, and even lead them to reconsider their project
delivery system choice when planning for new project launches.

Keywords: Design-Build; Design-Bid-Build; Construction Delivery Systems;
Comparative Review.

1 INTRODUCTION

The way construction projects are conducted and managed has evolved considerably over
the years. Indeed, as technology progressed, the complexity of projects soon reached a
point where it exceeded the grasp of a single expert. The increasing complexity led the
stakeholders of a construction project to specialize, thereby sequencing the project’s
organization (Sanvido et al., 1992). This evolution led to what is currently known as the
classical delivery method, where the owner contracts a team of architects and engineers
to design the building and then elects a contractor following the lowest bidder rule.

However, this classical Design-Bid-Build (DBB) delivery system is still far from perfect
since most of the construction projects have to face some cost increases and schedule
overruns, which can be really harmful for the owner. Moreover, in some parts of the world,
as is the case in the Province of Quebec, Canada, the construction industry is currently
facing a drop in activity (CCQ, 2015). The lack in efficiency shown by the classical method
promotes the use of alternative delivery methods such as Design-Build (DB), characterized
by a single contract with an entity dispensing both the design and the construction of the
building. Similar conclusions led to the development of Lean Construction, which aims to
optimize the performances at a project level (Forbes & Ahmed, 2011).

Since its first definition on the early 1990s, Design-Build has been gaining market
share, reaching nearly 40% in the US in 2014 (RSMeans, 2015). It makes this delivery
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system one of the most significant trends in design and construction (DBIA, 2016). As it
becomes even more important, the Design-Build delivery system is the subject of
numerous research efforts that try to determine whether this mode is more efficient than
the classical method. To do so, each study focuses on specific aspects of a construction
project such as cost and schedule performance, single or multiple owners, and the type of
building erected. However, the literature lacks a study synthesizing all the observations
and the findings found about Design-Build performance in comparison with Design-Bid-
Build; which represents the goal of this study. Thus, this paper aims at synthesizing the
knowledge gathered from previous studies about the performance of Design-Build
compared to the classical Design-Bid-Build delivery system.

The paper is divided as follows: in Section 2, some preliminary concepts are defined.
In Section 3, the research method followed is described while in Section 4, the results are
presented. A discussion and a brief conclusion complete the paper.

2 PRELIMINARY CONCEPTS

As this study focuses on the comparison between Design-Build and Design-Bid-Build,
these are the definitions used to characterize those project delivery methods based on the
first comparative study proposed by Konchar and Sanvido (1998):

“Design-Build (DB) is a project delivery system where the owner contracts with a
single entity to perform both design and construction under a single design-build contract.
Contractually, design-build offers the owner a single point of responsibility for design and
construction services. Portions or all of the design and construction may be performed by
a single design-build entity or by a selection of specialized workers. In some cases, all of
the activities may be subcontracted to other companies (Konchar et al., 1998: page IX).”

“Design-Bid-Build (DBB) is a project delivery system where the owner contracts
separately with a designer and a constructor. The owner normally contracts with a design
company to provide "complete" design documents. The owner or owner-agent then usually
solicits fixed price bids from construction contractors to perform the work. One contractor
is usually selected and enters into an agreement with the owner to construct a facility in
accordance with the plans and specifications (Konchar et al., 1998: page 1X).”

Even though the performance triangle time-cost-quality is not necessarily the best way
to determine the success of a project (Atkinson, 1999), it is still the tool most used by the
authors to compare the two construction delivery systems. Because these criteria remain
the most representative way to synthesize results from different studies, this paper will
mainly use the same indicators. Quality being a subjective measurement, there is hardly a
unique indicator to measure it. Thus, past research generally used surveys to collect data
and then emit global conclusions about the behaviour of each delivery system concerning
quality performance. The quality of constructed facilities, the compliance with
construction specifications or the conformity to user expectations are some of the
indicators commonly used for quality measurement.

3 RESEARCH METHOD

3.1 Test
3.1.1 Test again

All of the information used to compare the two construction systems was gathered through
a structured literature review (see Cooper (1998) for more details).
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The first step was to identify key articles related to the subject using two online
databases: Web of Science and Compendex. In particular, a combination of the keywords
“Design-Build”; “Design-Bid-Build”; “Construction Delivery Systems”, “Comparative
analysis” were exploited to find relevant papers for the research. Once those articles were
found, the authors focused on their lists of references to identify other interesting articles
related to the subject (i.e., backward snowballing, see Wohlin (2014)). The authors took
great care to ensure that validity and reliability criteria were met (Carmines & Zeller, 1979).
In terms of validity, they ensured their concepts met the agreed-upon definitions in both
academic and practice-related literature. Furthermore, they ensured reliability by
searching with consistent keywords in leading commercial databases that are well known
for the quality of their contents, thus ensuring that researchers in the field could replicate
this research. Most of the articles identified in that way dealt with empirical and statistical
analysis, using data from construction projects already delivered. The findings of those
studies were therefore classified and analyzed to better capture the performance of each
type of construction delivery system, as presented in the next section, which details the
content of those comparative studies.

4 RESULTS

The first search on Web of Science yielded a list of 83 articles. Among all the articles found,
16 relevant papers comparing Design-Build and Design-Bid-Build were retained. From
those 16 studies, 11 focused on the cost-schedule-quality performance for the two project
delivery systems. These 11 papers used data from a total of 1,609 construction projects,
636 projects concerning the DB method and 973 projects being related to the DBB
approach. Moreover 98% of the project sample was located in the United States. The
authors also observed that military construction projects represented 64% of the sample.
The comparative study written by Konchar and Sanvido (1998) was the research most cited.
In 1998, Konchar and Sanvido published one of the main studies between different
project delivery systems: Design-Bid-Build, Construction Management at Risk (CMR), and
Design-Build. These systems were empirically compared through the results of numerous
projects conducted in the United States, regarding their cost, schedule, and quality
performances. Data concerning cost and schedule were directly extracted from project
metrics while quality was evaluated based on a questionnaire sent to the project owners.
In particular, the study gathered data from 351 projects, from which 44% were DB, 33%
DBB, and 23% CMR. The projects concerned different building categories, namely: Light
industrial, Multi-storey dwelling, Simple office, Complex office, Heavy industrial, and
High-technology facilities. The researchers also compared the performance of each
delivery system through three univariate statistical analyses respectively focusing on cost,
schedule and quality. They ranked the delivery systems following the facility type and the
owner type. They finally conducted a multivariate analysis to identify variables that
accounted for the greatest proportion of variation concerning unit cost, construction speed,
delivery speed, cost growth, and schedule growth. The authors concluded that projects
administered using the Design-Build project delivery system can achieve significantly
improved cost and schedule advantages while quality achieved using DB is equal or
sometimes higher than the one obtained from the other delivery systems studied.
Another study, focusing on military construction, was conducted in 2009 by Rosner et
al. with data from the Air Force military construction program. This study used a large
sample of projects encompassing 278 DB projects and 557 DBB projects, for a total of 835
projects. These projects included various types of facilities, from storage to more complex
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operational facilities or even airfield pavement. The performance was evaluated based on
cost and schedule indicators, but the number of modifications per million dollars was also
taken into account. A statistical analysis showed significant results in favour of Design-
Build in terms of cost growth and modification per million, but the DBB achieved the
advantage in terms of total project time. This study concluded that DB was most suited for
7 out of the 9 facility types studied. For the 2 other types of facility, storage and
maintenance units, the statistical analysis did not show a significant difference. Besides
the statistical analysis, the large number of projects used enabled the authors to represent
the evolution of the use of design-build over time, showing a notable increase around
1999/2000, when the use of DB jumped from 18% to 48%.

In 2016, a study was published by El Asmar et al., but unlike most of the other studies,
it did not evaluate the delivery systems using only cost, schedule, and quality metrics.
Indeed, the purpose of this study was to adapt the Quarterback Rating technique to project
ranking in order to compare the performance of different construction systems, which led
to the “Project Quarterback Rating”. The advantage of the method is that it ranks the
different systems using only one output metric. The authors decided to compare 4 delivery
systems: DBB, DB, CMR, and Integrated project delivery, through data from 35 projects.
The project quarterback rating allowed the researchers to take a large number of indicators
into account, which were divided into 7 categories: customer relations, safety, schedule,
cost, quality, profit, and communication. Their method led them to emit a ranking of the
four compared delivery systems: Integrated project delivery finished first, followed by
Design-Build, then Construction Management at Risk, and finally Design-Bid-Build.

As described above, most of the studies used an empirical approach to compare the
different delivery systems based on cost, schedule, and quality performances. Other studies
that rather compared the delivery systems based on their ability to deliver sustainable
projects were also found. The level of sustainability reached by a project was generally
evaluated following the LEED ranking which is recognized as the international mark of
excellence for green building in 132 countries (CaGBC, 2016).

In 2009, Molenaar et al. published a report aiming to determine whether project
delivery methods influence an owner’s ability to achieve its sustainability goals. To do so,
the authors gathered information about 230 projects: 53 DB, 54 DBB, and 123 CMR, using
a questionnaire survey sent all over the United States. The project sample was also divided
by contract type used in each delivery system. Based on the analysis of their survey
responses, the researchers concluded that if the owner wants to maximize sustainability
within an available budget, CMR and DB provide the greatest likelihood of success. The
study also revealed that integration is necessary to seek a high level of LEED ranking.

Another element on which the different construction delivery systems were compared
concerns the legal aspect. Indeed, a study written by Pishdad-Bozorgi et al. in 2012
compared DB and DBB from the standpoint of claims. Using a literature review and a
series of interviews, the authors tried to determine the influence of DB over the number
of claims between the owner and the contractor. Results showed that the number of claims
emitted by the contractor decreased for DB systems, especially when it dealt with changes
in contract documents. The owner’s claims also tended to decrease, especially the ones
dealing with cost over-run and schedule delays. Nevertheless, claims about work quality
might increase for DB systems depending on the level of commitment of the owner and
the design-build team expertise.
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5 DISCUSSION

Based on what was found in the literature, it becomes possible to highlight some aspects
of the duality between Design-Build and Design-Bid-Build. First, we can see that, at least
in the US, Design-Bid-Build is still the main delivery system used, with 58% in 2014 against
38% for DB (RSMeans, 2015). Moreover, it seems that military construction is one of the
principal users of Design-Build as it reached 48% of the MILCON use in 2009 (Rosner,
Thal, & West, 2009). This may justify that 4 of the 11 empirical studies listed focused on
military constructions. This goes along with the ease of access to military project data.

It is also interesting to note that most of the papers compared the different construction
delivery systems using cost, schedule, and quality performance indicators. A summary of
the studies using this kind of evaluation can be found in Table 1. Only the indicators
included in most of the papers are presented (i.e., cost growth, unit cost, schedule growth,
and delivery speed). Due to the heterogeneity of the units used to describe the unit cost
and the delivery speed, no mean could be calculated for these two indicators; this
heterogeneity is a consequence of the different types of buildings studied in each research.
As quality cannot be efficiently evaluated with quantitative values, only the general
conclusions of the studies which tackled this issue are represented in the table.

When looking at this recapitulative table, it can be noted that the DB system seems
more reliable concerning the estimated budget and schedule. In particular, a mean cost
growth 2% lower and a mean schedule growth 8% lower than the ones obtained for the
DBB system can be observed, even though some studies punctually showed results in
disfavour of DB. It is also important to note that every study providing value for the mean
delivery speed tends to agree on the fact that DB is faster than the classical delivery system.
The only point where Design-Build does not outperform Design-Bid-Build is the unit cost,
as most of the studies found almost no differences concerning this indicator.

When looking at quality, authors pointed out that DB quality performance was better
or similar to the quality performance of DBB projects. There is however some uncertainty
attributable to the subjective nature of quality, which makes it difficult to measure without
perceptual influences. But a conservative interpretation could be that DB performs at least
as well as DBB in terms of quality. The literature also highlighted the capability of DB to
deliver sustainable projects. Every study written on that subject agreed with the fact that
project integration facilitates the reach of higher sustainable goals. They also confirmed
that DB can achieve a greater project team integration than DBB. However, they also
mentioned that the best delivery system in terms of integration, and therefore in terms of
sustainability, was the Integrated Project Delivery (IPD).

The Integrated Project Delivery also seams to be the system of choice to reach efficient
lean construction methods (Forbes & Ahmed, 2011). However, DB and IPD are similar in
many ways. We can consider DB as a first step to reach IPD because the selection of the
Design-Builder is still mainly based on cost while IPD goes a little further by taking
qualification consideration into account. Moreover, even though DB promotes integration
when conduction the project, this integration mainly happens between the design team
and the contractor. With IPD, the owner is also fully involved over the life of the project
(Haskell, 2017). DB can therefore be seen as an intermediate step to reach the requirement
of lean construction in terms of integration and internal communication.
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6 CONCLUSION

In this article, a synthesis of previous studies comparing Design-Build and Design-Bid-
Build has been proposed. By combining and analyzing the different results of these studies,
a clear advantage in favour of Design-Build was found, as it seems to outperform the
classical delivery system in each criterion typically used for measuring a construction
project performance, except for the unit cost. In other words, it seems that DB is a faster
and more reliable construction delivery system, leading to a slightly lower claim rate.

And as even more construction projects try to achieve sustainable goals, its relative
integration may represent an advantage. However, it appears that most of the studies used
in this research were based on US projects, which may not represent the situation of DB
elsewhere in the world. Future work could certainly involve more extensive research with
more keywords and ideally more than one language to compare the findings with a larger
international sample. This paper represents a synthesis of the knowledge gathered around
Design-Build in comparison with Design-Bid-Build, which may help further researchers
in their literature reviews. This study might also allow owners to save time in their
investigation about the performance of DB, and even lead them to reconsider their project
delivery system choice when planning for new project launches.
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Table 1: Summary of the empirical studies.
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APPLYING CHOOSING BY ADVANTAGES IN THE
PUBLIC TENDERING PROCEDURE

Annett Schéttlel, Paz Arroyoz, and Christine Haas Georgiev3

Abstract: Schottle and Arroyo (2017) and demonstrate that the implementation of
choosing by advantages (CBA) in the tendering procedure is beneficial for i)
achieving transparency; ii) clarifying what an owner truly values in a project, and
iii) creating value, prior to requesting proposals and receiving responses.
Furthermore, CBA allows decision-makers to separate the value of the technical
proposal versus the cost of the proposal; thus, a bad technical proposal cannot be
compensated by a low bid. This paper explains how CBA can be applied in the
tendering procedure and also how to adjust the CBA tabular method for public
procurement. The authors explain the process steps of the method and outline what
the owner needs to define before requesting and evaluating proposals. Finally, based
on the constructed case of Schottle et al. (2015) the procedure is analyzed and
discussed.

Keywords: Choosing by advantages, project team, selection, tendering procedure.

1 INTRODUCTION

CBA is a multiple-criteria decision-making process developed by Suhr (1999), which is
neither well-understood nor widely used in the AEC industry. Most research studies
focus on the implementation of CBA in the design process (e.g., Grant and Jones 2008;
Parrish and Tommelein 2009; Arroyo, et al. 2014a; Arroyo, et al. 2014b; Kpamma et al.
2015; Arroyo et al. 2016). Schottle and Arroyo (2016) and Schoéttle et al. (2015) did
preliminary research for applying CBA in the tendering procedure. In their study, they
compared CBA with weighting-rating-calculating (WRC) and best value selection (BVS)
using sensitivity analysis. Their results demonstrate the benefits of applying CBA, such
as avoiding the problem of combining value with cost. Furthermore, using a decision
method, such as weighted average or cost per value, can result in speculative bidder
behavior because it allows the potential of compensating a bad technical proposal that
includes a favorably low price (Schéttle and Arroyo 2017).

This paper focuses on implementing CBA in the tendering procedure to select a
project team, in consideration of the fact that most public owners are required to publish
the factors under consideration, their weight and the scoring system to be used, before
receiving proposals. Suhr (1999) describes the prior anchoring method for regulated
systems, but didn't integrate it in the CBA tabular method. This paper fills that gap, and,
additionally, adjusts the CBA tabular method with the prior anchoring process for
application in the public tendering procedure. Further, based on the constructed case of
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Schéttle et al. (2015) this paper illustrates and analyzes the prior anchoring CBA tabular
method.

2 RESEARCH METHOD

Based on the constructed case of Schottle et al. (2015), this paper develops a further case
to show how the CBA tabular method needs to be adjusted to provide for proper
application in the public tendering procedure. In addition, a protocol for the procedure
was developed. This paper focuses on answering the following research questions.

o Is the CBA method applicable in the tendering procedure?
e Does CBA require modification?
e How to apply CBA in the tendering procedure for public owners?

e What does the public owner need to take into account in order to successfully
implement CBA?

To answer the research questions the researchers developed a concept that was shown
and discussed it in a focus group (Gray 2009). The focus group consisted of two
researchers and two individuals working for a public organization.

First, this paper explains the theory of the CBA tabular method and the theory of the
prior anchoring process. The prior anchoring process is then integrated in the CBA
tabular method, and therefor, the method was adjusted. Every process step for the
implementation in the tendering procedure is described and its application exemplified.
Finally, the paper discusses the implementation.

3 CBA BACKGROUND

3.1 Motivation for applying CBA

The authors see two major issues that easily occur while using the current methods
WRC and BVS. (1) The combination of a technical proposal with the price proposal and
vice versa. Because both methods mix value with cost, the bidders could, potentially,
“game” the system. CBA does not mix cost and value, thus the bidder cannot speculate in
this respect. (2) Members of the focus group observed the problem of unclear
differentiation among the proposals during the evaluation process. Often, the group had
problems in expressing the differentiating factors in the score, which, in the end resulted
in less difference among the proposals. In case of the tendering of an office building at
UCSF in 2012, the owner adopted a ranked scoring system so that the proposers could
only achieve 3/3, 2/3, or 1/3 of each of the maximum achievable scores, to get a clear
judgment and a clear bidder delineation of ranking (see Schéttle et al 2015). When CBA
is in place, this would not be necessary because, if a proposal does not have an advantage,
then it does not get any score (Schéttle and Arroyo 2017), so the spread of the scores
occur naturally (see Arroyo et al. 2014b, Schéttle and Arroyo 2017).

3.2 Theory of the CBA Tabular Method

The CBA tabular method was developed by Suhr (1999). Therefore, the following section
is based on Suhr (1999). CBA is a system designed to make sound decisions. Before the
method is explained, the related glossary of terms must be understood. Table 1 presents
the definitions of the key terms, factors, attributes, advantages, and criteria.

46 | Proceedings IGLC | July 2017 | Heraklion, Greece



Annett Schottle, Paz Arroyo, and Christine Haas Georgiev

According to Suhr (1999), the method is based on four principles: (1) pivotal
cornerstone principle; (2) fundamental rule of sound decision-making; (3) principle of
anchoring, and (4) methods principle. The first principle stands for the learning process
and the use of sound decision-making methods to make sound decisions. The second
principle states that “decisions must be based on the importance of advantage” and not
on factor weight (Suhr 1999). Moreover, Suhr (1999) specifies weighting of advantages
and disadvantages, of pros and cons, of factors, goals, roles, categories, criteria,
objectives, attributes, characteristics, or consequences as unsound decision making. The
difference between advantages and disadvantages is simply the perspective. The third
and primary principle of the method is anchored judgment, which allows making both
reproducible and transparent decisions. The last principle emphasizes the fact that
different decision types call for different sound methods (Suhr 1999).

Table 1: Definition of CBA key terms (based on Suhr 1999).

Term Explanation

Factor Element or component of a decision, a container for criteria,
attributes, etc.

Attribute A quality, characteristic, or consequence of one alternative, a
distinctive feature is neither a pro nor a con.

Advantage  Difference between attributes of two alternatives in quality or
quantity.

Attribute Decision rule or guideline.

The CBA tabular method can be summarized by the following eight steps (Suhr 1999): (1)
Identify alternatives; (2) define factors; (3) define must/want have criteria for each factor;
(4) summarize the attributes of each alternative; (5) decide the advantage of each
alternative by underlining the least-preferred attribute in each factor and summarizing
the difference, which will be the advantages; (6) deciding the importance of each
advantage based on the selected paramount advantage (PA) and the established scale of
importance; (7) calculating the total importance of advantages of each alternative, and (8)
evaluating cost data. The PA is necessary to weight every alternative on the same scale
of importance. The decision of importance itself is based on four major considerations: (1)
the identified purpose, not on finding a solution for a problem; (2) the preference; (3) the
magnitude of the advantages, and (4) their attributes (Suhr 1999). If the owner has
problems in choosing the PA, a defender-challenger process can be used to select the PA.
The advantages are weighted by comparing the difference of the attributes in each factor.

3.3 The Prior Anchoring Process

The public tendering procedure is usually restricted by regulations with the purpose of
installing a fair and objective competition, thus, the CBA tabular method needs to be
adjusted to fulfill the corresponding constraints. Suhr (1999, pp. 221-226) describes the
prior anchoring process, the prior weighting of advantages, for decisions in a regulated
system with four steps. (1) The expected range of attributes has to be estimated for each
factor. (2) Determine the expected range of advantages by identifying the worst
acceptable (WA) attribute, the worst expected (WE) attribute, and the best expected (BE)
attribute in each factor; select the least-preferred attribute as anchor to identify
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advantages, and describe the advantages between the least-preferred and BE attribute
which indeed is the most important advantages, also named anchor-statement advantage.
(3) Then, the importance of the expected advantages needs to be determined. Therefore,
the PA, most important anchor-statement advantage, must be selected and the scale of
importance established to weight the importance of each anchor-statement advantage
based on the PA. (4) Choose the preferred alternative based on cost and total importance.

After the submission, the proposals are evaluated by scoring their advantages. In the
event that proposal exceeds the BE attribute, the corresponding advantage would achieve
an importance score greater than the importance of the anchor-statement advantage.
This applies also to the PA. In case that an attribute does not exceed the least-preferred
attribute but achieves the (WA) attribute, the scale can be extended to assign negative
importance scores (Suhr 1999).

4 ADJUSTED CBA TABULAR METHOD FOR IMPLEMENTATION

4.1 Adjustment based on Legislation

The tendering procedure must be based on the legislation applicable to the particular
public entity. Now, two options exist to implement CBA in the selection process based
on the existing regulations. First option would be to state in the request for proposal
(REP) that CBA will be used to evaluate the proposals, and then simply evaluate the
proposals using CBA. For example, this will be the case of University of California, as
the California Public Contract Code (PCC), that gives instructions for the owner about
how to proceed in public procurement, states that for best value selection procedure,
owners needs to describe the criteria, the methodology and rating or weighting system,
and the relative importance or weight assigned to the criteria on which the proposals will
be evaluated in the RFP (see Cal. Pub. Contract Code section 10506.6, subd. (2)).

The second option is to integrate a prior anchoring process (Suhr 1999). The first
option is easier, because the classic CBA tabular can be applied and no further effort is
necessary. In relation to the first option, Suhr (1999) states that an objective judgment
requires the non-identification of the contractor with their proposals. This is a conflict
and needs to be considered because as soon as a pre-qualification and interview process
is used to select the bidders for the competition phase; the owner knows who is going to
bid. The second option is to integrate a prior anchoring process (Suhr 1999) as will be
shown in the following two sections.

4.2 The prior anchoring CBA Tabular Method

Public owners who need to publish weights in the RFP, can use the CBA tabular method
with the prior anchoring method. Because the authors questions the advantage and do
not see the necessity of having a WA and WE attribute, the authors will implement the
minimum requirement (MR) attribute. The MR attribute represents the attribute that
needs to be fulfilled by the bidder. If a proposer does not meet the MR attribute, the bid
must be rejected. This rule protects bidders against the speculative behavior of a
competitor. For example, a bidder could speculate to not achieve the minimum
requirement LPS as it does not provide a high score. A proposal, which exceeds the
maximum value, may not be valuable for the owner. For example, one bidder proposes a
building with an interior program space of 280,000 GSF. This exceeds the maximum
value by 5.66%. This might be, but doesn’t have to be, a positive option for the owner as
maybe higher life-cycle-cost surfaces. Nevertheless, the proposal that doesn’t provide an
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advantage in the factor will still be scored zero. In case that none of the components of
the proposal fulfills all minimum requirements, the process should be stopped and a root-
cause analysis should be done to answer the question why no part of the proposal fulfills
the minimum requisites. Table 2 provides an overview of the CBA process steps,

including a modified prior anchor method.

Table 2: Process steps of the prior anchoring CBA tabular method.

Process step

Explanation

Define factors

Define MR and BE attribute

Describe anchor-statement
advantage

Select the PA

Develop the scale of importance

Weight the importance of each
anchor-statement advantage

Choose the preferred alternative
Identify alternatives

Request for proposals

Open the technical proposal

Summarize the attributes of each
alternative

Decide the advantages of each
proposal

Decide the total importance of
each proposal

Open the price proposal

Evaluate the proposals based on
the diagram

All factors on which the proposals will be evaluated need
to be documented.

MR and BE attribute represents two possible alternatives
and are needed to determine the expected range of
attributes for each factor.

This is the difference between the MR and the BE attribute.

Search for the most important anchor-statement
advantage.

Choose a scale, such as 0-100, 0-10, or 0-1.
Weight the importance based on the PA.

This is the anchor for the final decision.
Based on pre-qualification and interviews.

Publish the factors, the scale of importance, the anchor-
statement advantage, and the weight of the anchor-
statement advantage in the RFP.

Document the attribute of each alternative for every factor
in the CBA table.

Evaluate the technical proposals based on anchored
judgment.

Calculate the total of advantages for each bidder.

Insert every alternative into the diagram and analyze
which proposal provides the preferred alternative for the
owner.

The methods contains three anchors: (1) anchor between MR and BE attribute; (2)
anchor between weight of the anchor-statement advantage and PA, and (3) anchor
between the importance weight of the anchor-statement advantage and the advantages
of the new alternatives, which automatically result in an anchor between the advantages
of the alternatives in each factor. Anchors (1) and (2) are established before the request
for proposal is issued. Anchor (3) is used to evaluate the proposals.
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4.3 Example for the prior anchoring CBA Tabular Method

Based on the constructed case of Schoéttle et al. (2015), Table 3 exemplifies the
integration of the prior anchoring process in the CBA tabular as described in section 4.2.
To simplify the example, the number of factors was reduced to five from 18 in the
constructed case. The bid prices in the proposals were also adopted from the constructed
case. Hence, Bidder 1 submits a price proposal of USD 93.8M, Bidder 2 submits USD
92.5M, and Bidder 3 submits USD 93.7M (Schéttle et al. 2015). The descriptions of the
attributes were taken from the real tendering. A 0 - 100 scale of importance is used to
weight the anchor-statement advantage and evaluate the proposals. The factor 'Building
interior program spaces' is identified as the PA, because it contains the highest anchor-
statement advantage weight with 100. Then, in the RFP, the first part of the table can be
published. After proposals submission, the evaluation commences. Because the anchor-
statement advantage is defined, the proposals are easier to evaluate. Thus, the
advantages of the attributes must be described based on the criterion; and the importance
of every advantage must be scored based on the defined scale of importance and in
relation to, the prior defined MR and BE attributes. The alternative that does not provide
any advantage in a factor must be scored zero.

Table 3: Example of the prior anchoring CBA tabular method.

Defined before request for proposals Evaluation of proposals
Factor BE attribute Weight
--------------------------- MR attribute |remmmmemeeeea] V1619 Alternative 1: Bidder 1 Alternative 2: Bidder2 Altemative 3: Bidder 3
- - of ASA
(Criterion) ASA description
Building interiorprogram| 555 500 GsF | 265.000G6sF | 100 |Att: 261283 GsF. vttt Att.: 258,178 GSF.
spaces e ... |missing some classrooms. | T
(The more fit between Adv.: Significantly Adv.: Slightly better 3
program space and 10,000 GSF Better fit between Imp. 95 fit between program mp.: 50 | Adv.: Himp.
designated gross area, programspaces spaces and gross ;
the better.) and gross area. area. :
Att.: Typicalfloorplans have
pne — O.r ointof Att.: Communal space and Att.: Interactive. Atrium
Littl infersection for groups to round floorare very stron centralized with circulation
Building interior . ! e. Very interactive 60 |collide and interact. Ground 9 . v 9 . .
interactive ————————=———————=— Ifroma collaborative and interactive spaces.
flooris separated into - X . L h
. - /interactive perspective. Limited prefunction space.
disparate zones without
________________________________________________________________________ muchrequiredinteraction. ~ | |
(The more interactive, Significantly Adv.: .Slgnlflc.antly Adv.: More :
. ? Adv.: Imp.: more interactive Imp.: 60 |. X iimp.: 40
the better.) more interaction interactive concept.;
concept. 3
Vegetated Roof 80 sf 160 sf 40 | Att.: 130 sf Att.: 150 sf Att.: 80 sf
Th f, th P
(be“eer?)ore st.he 80 sf Adv.: 50 sf more. Imp.: 25 | Adv.: 70 sf more. Imp.: 35 |Adv.: timp.:
Materials Slightly Totally 50 Att.: Partially addressed. <A/tt Choose not to pursue Att.: Partially addressed.
1 recyclable recyclable | -} N T
(The more recyclable, Much more Adv.: Slightly more Imo.: 20 Adv.: Slightly more Imo.: 20
the better.) recycable recyclable. mp.: recyclable. p-:
Att.: Proposal shows
. Demonstrate full Att.: Demonstrate full Att.: PPC during construction thorough u.nderstandlng
Last Planner® System | PPC metrics derstandi 20 understandin onl Response is general and
understanding. 9: ony. does not show how this will be
........................................................................................................................................... applied. e
(The greaterthe Full . ) . S f
understanding, the understanding Adv.: Considerably Imp.: 20 | Adv.: Imp..: Adv.: Sllghtl}/ more iimp.:5
more. understanding i
better.) of the concept.
Total of As 250 {160 | s 65

In our example, Bidder 1 achieved the highest score, followed by Bidder 2 (see table 3).
The differentiation of Bidders 1 and 2 to Bidder 3 is significant. The difference between
Bidder 1 and 2 is small, but Bidder 2 does not fulfill the minimum requirement of the
recyclable material factor (circled in Table 3) and, thus, its bid must be rejected. We are
now positing the case that Bidder 2 fulfills the minimum requirement of the recyclable
material factor. Bidder 2 would still get a zero score as the proposal doesn't provide an
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advantage in this factor compared to the other two bidders, but is not rejected. Based on
the case, Figure 1 represents the related cost versus value diagram. Viewing the cost
versus value diagram, the owner can readily explain why a certain bidder is selected.
Bidder 3 would not be an alternative, because the proposal contains significantly less
value for almost the same price as the proposal of Bidder 1. Between Bidders 1 and 2, the
owner now has to make its selection. The proposal of Bidder 1 achieved 15 scores more
than the proposal of Bidder 2, but is also USD 1.3M higher in price. The USD 1.3M
differential seems high, but in comparison to the overall price, it is 1.39%.

120 ‘ 940

100 Bidder 3 Bidder 1 ’[ ® $

'S PR 2 935 Bidder 1

80 ——— Bidder2 —
g 60 2 930 -
3 3
o 40 o Bidder 2
g g 925 *
® 20 ®
3 38

0 } t 92.0

0 50 100 150 200 250 60 80 100 120 140 160 180
Score Score

Figure 1: CBA cost vs. value diagram with full scoring and cost scale (left) and in

detail (right)

5 CONCLUSIONS

This paper illustrates that the CBA method can be used for bidder selection in the public
sector in accordance with applicable law. The authors present an example of pre-
anchoring CBA in the case it is needed. The authors argue that a sound and fair method
does not provide a basis for a claim against the CBA process when correctly applied. The
methods themselves require a facilitator to implement and training for the evaluation
team. Usually, UCSF calculates one half of a day to evaluate the bids received and come
to a conclusion. Also, the time to learn other methods is limited; therefore full
implementation of CBA has barriers to overcome. However, we argue that the benefits
of CBA implementation outweigh the time spent in training, in order to learn and
implement a more transparent and collaborative decision-making method.

Future research is necessary to test the method in field and to develop optimal
training for public owners. Furthermore, despite the import of life cycle to the owner,
usually it is not a factor considered in the tendering procedure, and often it is contra
affected by optimizing the bid price. Thus, life-cycle cost could be another area in the
CBA diagram, so that the owner can study not only bid price versus value, but also bid
price versus life-cycle cost and value versus life-cycle cost.
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MOTIVES FOR THE USE OF COMPETITIVE
DIALOGUE

Paulos Abebe Wondimul, Jardar Lohne 2 and Ola Laedre®

Abstract: Competitive dialogue (CD) is a seldom-practised procurement procedure in
Norway. The Norwegian Public Roads Administration (NPRA) plans to use it in
complex and mega infrastructure project in the future. This study investigates how
CD has contributed to the implementation of lean in the public sector by answering
the following two research questions: What are the motives for using CD?; and How
was the CD carried out (timeline, main activities etc.)?

With a supporting literature study, four cases were studied by conducting a
document study and semi-structured in-depth interviewees with eight key informants.
Several motives why CD has been used in the target projects were identified.
However, none the identified motives were to directly implement lean. Furthermore,
eleven major activities of CD and two project implementation models that have used
CD were identified in the case projects. The motives behind implementing CD are
found to be comparable to the motives for implementing lean construction principles.
In addition, the dialogue phase is found to be at the core of the process and could
contribute to reducing significant waste. The findings provide a contribution of how
CD can be used to implement lean in public procurement.

Keywords: Lean, Competitive dialogue, CD, Early contractor involvement, ECI public
procurement, waste.

1 INTRODUCTION

Based on the literature study leading to this paper, competitive dialogue (CD) seems to be
little known outside the context of certain EU countries (Haugbelle et al. 2015). CD was
introduced in 2004 by the European parliament for particularly complex contracts. This
procurement procedure allows public clients to hold discussions with shortlisted
contractors regarding the client’s requirements before the contractors submit their tenders
(European Parliament 2014). The purpose of introducing CD is to give public owners a
flexible procurement procedure that enables a dialogue concerning all aspects of the
contract with several competitors (Telles and Butler 2014). CD is one of the approaches
for early contractor involvement (ECI) and is a procurement procedure that is recognised
by EU public procurement law (Wondimu et al. 2016).

Lean thinking is establishing a system that constantly explores ways to reduce waste.
Furthermore, it is getting more attention as a way to reduce the costs associated with
government procurement (Waterman and McCue 2012). When the Lean Project Delivery
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System is used in the construction sector, it is expected that the contractor’s job is not only
to provide what the client wants but also to first help the client decide what they want.
Subsequently, the purpose of the client and constraints should be understood by the
contractors (Ballard 2008).

Finland has begun experimenting with adapting lean ideology into their public alliance
projects based on CD. Other countries in the EU have already established a working
system based on lean (Petdjaniemi and Lahdenpera 2012). However, CD is a relatively new
and very little practised procurement method in Norway. So far, empirical research on CD
in public infrastructure projects is limited. In particular attention on how competitive
dialogue can contribute to implementing lean. Therefore, this paper intends to explore
Norwegian experiences by addressing the following research questions:

e What are the key motives for using competitive dialogue (CD)?
e How was the competitive dialogue (CD) carried out (main activities, timeline etc.)?

The Norwegian Public Roads Administration (NPRA) has so far used CD in six projects.
This paper presents empirical data — collected from the client side — from four of these six
projects. The four infrastructure projects presented in Table 1 were chosen while the two
remaining projects were omitted from this study because they were a ferry procurement
and a project concept development, respectively. Since three of the four investigated
projects were not finished at the time of this study, it was not possible to see the long-term
effects of the CD.

Table 1: Presenting the cases

Case 1 Case 2 Case 3 Case 4
Project title E6 Trondheim- E6 Helgeland Fv32 E6 Helgeland
Stjerdal North Lilleelvkrysset South
Project type 0.6 km road in 62 km new road 0.515 km new 58 km new road
clay (densely (scarcely tunnel (densely (scarcely

populated area) populated area) populated area) populated area)

Contractual Design and Design, Build and  Design and Build Design, Build
agreement Build Operate and Operate
Project start year 2009 2015 2015 2017

2 RESEARCH METHODOLOGY

In order to address the research questions, a literature study, eight interviews with key
actors from the selected cases and a document study of the chosen cases presented in Table
1 were carried out. The methodological approaches described by Yin (2013) was used
during the case studies. The literature study concentrated on research databases, library
databases and references in relevant articles was carried out to establish a theoretical
framework.

Semi-structured in-depth interviews with eight key personnel involved in the CD
process were conducted. Each interview was carried out face-to-face, based on an
interview guide and lasted between one and two hours. All the interviewees were recorded
and later transcribed. Six of the interviewees have held a construction manager or a project
manager position in the case projects. The remaining two interviewees were
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representatives from the NPRA head office (Vegdirektoratet) who participated in the
dialogue phase. The document study consisted of documents received from interviewees,
such as contract documents and dialogue invitation documents. The document study was
carried out in order to find background information about the cases and how CD is carried
out in NPRA. Data triangulation was achieved through different sources of data
(interviews and document study).

3 THEORETICAL BACKGROUND

3.1 Lean and public procurement

Lean thinking is not simply adopting a lean tool (Waterman and McCue 2012). Instead, it
involves implementing various measures in construction management to remove waste
(Song and Liang 2011). Lean is a philosophy that constantly looks to reduce waste and
increase customer satisfaction that can be ingrained in a system (Waterman and McCue
2012). Furthermore, it aims to achieve the intended time, cost and quality simultaneously
(Tommelein 2015).

Public procurement involves the spending of public money and has impacts on
innovation (Uyarra and Flanagan 2010). It is subjected to accountability and detailed
procedures since it is exposed to a high risk of fraud and corruption (Erridge and Nondi
1994). The primary consideration of every government should be the efficiency of the
procurement process as public resources have become scarce (Waterman and McCue 2012).
According to this literature, there seems to be a potential for applying lean thinking to
public procurement.

The separation between design and construction in public procurement is generally
considered to be inefficient. Principally, the lean philosophy promotes an integration of
design and construction (Jergensen and Emmitt 2009) to reduce waste in construction
(Song and Liang 2011). ECI is one of the basic principles of lean to achieve integration
between the design team and the construction team (Gil et al. 2000).

When lean thinking is applied in public procurement, it is possible to analyse the
current processes for value as well as to identify obvious waste in the process. Furthermore,
based on lean thinking it is possible to develop a set of tools and documents to support a
standardised process (Waterman and McCue 2012).

3.2 Competitive Dialogue (CD)

CD is explicitly aimed for complex projects which require the development of the best
solution to address specific client needs. It is a flexible procedure that secures competition
and dialogue (Albano and Sparro 2010). In this process, the client can discuss all aspects
of the project with the shortlisted contractors (Uttam and Le Lann Roos 2014). It gives the
contracting parties the opportunity to discuss, among other things, sustainability and
renewable energy objectives, and the client can ensure its long-term commitments are
taken into account (O'Brien and Hope 2010).

CD can be related to other public procurement procedures, as for example the
negotiated procedure (Nagelkerke et al. 2008). In the negotiated procedure, direct
discussions take place between the owner and one or more contractors of the owner's
choice (Erridge and Nondi 1994). On the other hand, it is different from the negotiations
procedure because in CD the negotiations are concentrated within a particular phase in
the procurement process (European Commission 2006).
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CD's largest disadvantage is its relatively high transaction costs (Siemonsma et al.
2012). The process is time-consuming and labour-intensive for both the client and
contractors. The client should conduct several dialogues to select the qualified contractor
and should document the dialogues for the sake of transparency. The contractors should
prepare detailed documentation after each dialogue, which costs a lot as well (Hoezen and
Hillig 2008).

4 FINDINGS AND DISCUSSION
4.1 What are the key motives for using CD?

The key motives for using CD, which were raised by the interviewees, are presented in
the following section. Case 1 is comparable with case 3, and case 2 is comparable with case
4. Therefore, the findings are presented according to the above in the following section.

Regarding case 1 and 3, project complexity (technical difficulty) was the major motive
for using CD in these projects. These projects were defined as complex among other things
due to sensitive ground conditions (quick clay) and the surrounding environment (since
the project was in an urban area). For such a kind of complexity, the client lacked
experience and reference projects from similar project challenges. This leads to difficulty
in the design and execution of the projects. It was also difficult to estimate the projects’
costs. Besides the projects' complexity, case 1 was the first infrastructure project where
the NPRA used CD. Hence, it was used as a pilot project to try the procedure.

Regarding case 2 and 4, the motives of using CD in this project were to identify and
determine how the client’s requirements and needs could best be met. Furthermore, the
other motives were to create a platform for the client and the individual suppliers to work
together to find solutions that best meet client’s needs. The projects' complexity was also
the motive to use CD in these two case projects. The projects were defined as complex by
taking into consideration the length of the road project (approx. 60KM) and the contract
complexity (the contract includes design, construction, operation and maintenance of the
road project for 15 years). In addition, the wish to try a new type of contract that can
decrease the current conflict level and the problems of the traditional project delivery
methods was another motive. To reduce the project risk level during the dialogue phase
was also another reason to use CD. The client's need for better solutions constituted the
motive for ECL

According to the findings, project complexity was not the only reason for the use of
CD. Besides that, NPRA wanted to achieve other goals as well, such as innovation, low
level of conflict, etc. However, the interviewees did not raise any direct motives that were
related to lean. Therefore, the underlying motives of implementing CD in the case projects
were not to implement lean. However, the key motives for using CD resemble, to a large
degree, the motives of lean construction. Some of the CD motives that resemble the
motives of lean construction are overcoming project complexity, creating a common
platform, identifying how the client's needs can best be fulfilled, reducing the risk level,
ECI and obtaining innovative solutions.

4.2 How was the CD carried out?

Eleven main activities used during CD were identified from the case projects. The main
activities are showed in Table 2. The first three activities concern preparation phases of
the client. The client uses the first two activities to prepare a draft tender document and
to plan the dialogue. The third activity is used to evaluate if there is enough capacity in
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the supplier market for the project. During the dialogue, the client, together with the
contractors, develops the draft tender document. Then they hand out the final tender
document together with the invitation to competitive tender. The contractor uses the final
tender document during submission of a tender.

Table 2: Main activities in CD before the awarding of the contract (developed
based on documents from case projects)

Activities Milestones Contractor
Involvement
Preparation of tender document Before
. . contractor
Preparation of plan for dialogue .
involvement
Assessing and communication with the
supplier market
Contractors preparation of Announcing the project and Any contractor
prequalification document invitation to participate who applied to
R o P be considered
Prequalification Submission of prequalification
document
Handout of the draft tender document Invitation to participants to Shortlisted
dialogue contractors

Contractors develop proposals
Dialogue Submission of the proposals
Handout of the final tender document Invitation to competitive tender
Contractors preparation of bid
Owner control the submitted tenders Submission of tender

Contract signing One contractor

Regarding the timeline, the timing of when CD was used in the case projects is described
based on two major project implementation models that were used together with CD in
the case projects. These two models are illustrated in Figure 1 as model 2 and 3. Model 2
& 3 illustrate the two approaches that CD was used together with a DB contract in the
case projects. Model 2 was used in case 1 and 3, whereas model 3 was used in case 2 and
4. The arrows in models 1-3 illustrate when the dialogue has happened and when the DB
contractor took over the project.

The first model, model 1, is based on a design-build DB contract and does not have a
dialogue phase. However, it is presented in Figure 1 in order to be used as a reference to
explain the other two models that have a dialogue phase. Furthermore, it is to illustrate
that a DB contract can happen at various times in a project.
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Figure 1: Project implementation models (developed based on documents from
Helgeland projects). DG denotes decision gates. DB denotes design-build contract.

Model 2 was used when the client had several technical alternatives to solve the project
challenges but when they were not sure which of the alternatives would be the cheapest
to fulfil all their requirements. In this model, the contractors have the possibility to
influence how to execute the project. Thus, it is possible to conclude that model 3 was used
for technically complex projects.

Model 3 was used for large and complex projects. The complexity of these projects was
not limited to the technical level, how to execute it like in the case of model 2, but also in
the options of what and where to build. One of the goals of model 3 was that design,
construction and operation shall be considered together in order to provide savings and
other advantages.

Model 2 and model 3 have a dissimilar length of dialogue phase. The length of the
dialogue phase can vary depending on the project's need. Furthermore, the dialogue can
take place at different phases of a project. In model 2, the dialogue phase takes place
between the preliminary design and the detail design phases. In model 3, the dialogue
starts in an earlier phase compared to model 2. It takes place during the preliminary design
phase. In addition, in model 3, the contractor has responsibility for the operation and
maintenance of the road for 15 years, which is not the case in model 2.

Of the above eleven main activities of CD, the dialogue phase is at the core of the
process. It is an important stage to reduce significant waste. This can happen in several
ways. The first way is as the contractor gets the possibility to develop the tender document
together with the client. The second one is that both the client and the contractor are
involved in the development of the project in this phase. The third way is that the client
gets support from the contractors in deciding what to build. The fourth way is that
individual goals can be aligned to the project goals during the dialogue stage. All this
contributes to reducing waste in the project execution phase. Therefore, the dialogue phase
in CD can contribute to implementing lean in public infrastructure projects.
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5 CONCLUSIONS

This paper has addressed how competitive dialogue can contribute to implementing lean
by studying four infrastructure projects in Norway. The key motives for using CD and
how it was carried out was the focus of the study.

Project complexity is the requirement from the EU public procurement directive to
justify the use of CD. The findings show that, in the studied cases, the owner has had
several reasons beyond that to use CD. However, none of the reasons given by the
interviewees shows that the direct motive of implementing CD in the studied cases was to
implement lean or to remove waste. This might be due to the fact that personnel involved
in the CD practising are not lean experts. Thus, it is possible to conclude that the NPRA's
primary focus during the use of CD in the case projects was not to implement lean.

However, the key motives for using CD resemble, to a large degree, the motives of lean
construction. Some of the CD motives that resemble the motives of lean construction are
overcoming project complexity, creating a common platform, identifying how the client's
needs can best be fulfilled, reducing the risk level, ECI and obtaining innovative solutions.

Regarding how CD was carried out, eleven main activities of CD and two project
implementation models were identified from the case projects. The studied cases have used
model 2 and model 3, which have different timings of implementing CD. This study has
found that the dialogue phase is at the core of the CD process. Public owners could use it
to reduce waste as it promotes integration between the client and the contractor in several
ways. Furthermore, the dialogue phase could also be used to better align the motives of
CD with the motives of lean.

In the future, the long-term effect of CD could be studied in order to explore how the
procedure affects the operation and maintenance phase of projects. In addition, other types
of projects than just infrastructure projects could also be studied to cross-reference the
experience.
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A COMPARISON OF PROJECT ALLIANCING AND
LEAN CONSTRUCTION
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Abstract: As the adoption of both alliancing and lean in the construction industry has
started becoming more prevalent, knowledge of the alignment of Lean Construction
with alliancing could be valuable to practitioners looking at adopting lean project
delivery. This paper contributes to addressing this issue by providing insight into the
relationship between the alliancing project delivery method and Lean Construction
project delivery through the review of a literature review, interviews and a document
study. A major driver of alliancing is to deliver value for money to the client, so it
comes as a surprise that, to this date, alliancing has yet to fully capitalize on the Lean
Construction operating system to drive the pursuit of maximum value. The inclusion
of a lean operating system would require only minor changes to the existing structure
of a standard project alliancing agreement. Alliancing could essentially remain the
same, both structurally and commercially, while incorporating Lean Construction
methods and tools into its operating system. In the right circumstances, this
combination could be used to deliver greater value to the client.

Keywords: Alliancing, Lean Construction, Operating System, Organisation,
Commercial.

1 INTRODUCTION

Alves and Tsao (2007), through their study of IGLC papers from 2000 — 2006, identified
that there has been a lack of research among the IGLC community in the area of relational
contracting. They suggested that researchers “strive to understand how to implement
relational contracting, measure its outcomes, and explain project results to help provide
guidance to owners that are interested in working towards lean project delivery.” (Alves
and Tsao 2007, 57). Ten years later, there is still a gap in the literature comparing project
alliancing (PA) and Lean Construction (LC). This paper contributes to addressing this issue
by providing insight into the relationship between the PA and LC project delivery
methods.

Previous work by the authors shows that alliancing does in fact inherently align with
some key LC principles, particularly in four of the five LC principles identified by
Diekmann et al. (2004), namely customer focus, culture and people, waste elimination, and
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continuous improvement. The research at that
time lacked sufficient findings to show an
alignment in the fifth principle of workplace
standardization. = To  give a  visual
representation of the alignment between PA
and LC we refer to the Lean Construction
triangle in Error! Reference source not found..

There is sufficient evidence for PA and LC
alignment concerning the organization and
commercial sides of the triangle. Alliancing is
associated with the principle of customer
focus, a key element of the commercial side of
the triangle. On the organizational side, we
have shown alignment in the areas of
culture/people, waste elimination and
continuous improvement. The research
uncovered insufficient evidence to comment on the alignment between the operating
system side of the triangle and is therefore the departure point for this paper.

There is a view that despite a lack of direct influence from alliancing, Integrated Project
Delivery (IPD) can be seen as a combination of an alliance contract and governance system
with a LC operating system (Raisbeck et al. 2010). Since IPD developed independently
from alliancing yet resembles a combination of PA and LC, what would the potential
outcomes be if PA and LC were combined intentionally? The fact that there is an inherent
alignment between the organizational and commercial domains shows that such a
combination is plausible, while the existence of IPD shows that it is possible.

The initial findings identified that a possible key difference between PA and LC
appears in the operating system. Alliancing seems to lack the workplace standardization
and the use of tools associated with LC. This paper will expand on this point by focusing
in on the operating system side of the triangle. To provide a clear focus, the following
research questions were identified:

Figure I: The Lean Construction
Institute Triangle (Lean Construction
Institute and Thomsen et al. (2009))

e What are the similarities and differences between the two project delivery
methods?

e [s there potential for the two systems to learn from each other?

Thomsen et al. (2009) uses the above triangle to represent the three domains of all project
delivery systems. Domains must be in alignment and balanced to ensure that the delivery
system is coherent and optimal. Using this model as a departure point, the paper begins
by exploring the balance and alignment between these three domains for both PA and LC.
Once a high-level understanding of each of these methods is established, a deeper
exploration is made into their operating systems. This exploration forms the basis for a
comparison between the PA and LC operating systems, noting any key differences and
similarities between the two. Finally, conclusions are drawn and recommendations made
for further research.

2 METHOD

A literature search was undertaken following the five steps prescribed by Blumberg et al.
(2014). Step 1 was to define the questions to be answered after the literature search. Step
2 and 3 was to identify and apply key search terms in primary sources (for example
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databases and search engines). In step 4, secondary sources were located and reviewed (for
example by scanning references). Step 5 was to evaluate the sources and the content. After
this search, a review of the literature formed the basis for the theoretical background. To
gain insight into both the academic and practical aspects of the operating systems, findings
from both journal articles and conference papers (mostly primary sources) are used in
combination with findings from government and industry publications (mostly secondary
sources).

After the literature review, two of the authors undertook a series of 27 semi-structured
in-depth interviews - following the descriptions of (Yin 2013) — in Australia in early 2016.
The interview questions were formulated after the literature review was almost finished,
and each interviewee received a transcript afterwards to avoid misunderstandings.

A document study was carried out after the literature search and interviews, where the
documents were what (Weber 1990) denotes as sampling population. The purpose of this
document study was to supplement the secondary sources found during the literature
search. The main source for identifying relevant documentation were the interviewees,
who both recommended and provided documents.

3 THEORETICAL BACKGROUND

In order to draw conclusions on the similarities and differences between PA and LC,
an exploration of the current theory on each topic was undertaken. As the adoption of
both alliancing and lean in the construction industry has become more prevalent, an
understanding of the lean principles inherent in alliancing could be valuable to
practitioners looking at adopting lean project delivery. Many countries, particularly in
Europe, have started adopting alliancing in recent years. In addition, Finland, who adopted
alliancing in 2007, has begun experimenting with adopting lean ideology into their alliance
projects (Petdjaniemi and Lahdenperd 2012). The authors will explore the practical
findings based on the outcome of this combination of lean and alliancing in Finland in
later publications once enough completed projects are available to provide significant
findings. A clear understanding of the current similarities between PA and LC from a
theoretical view could help improve this adoption and could potentially lead to the creation
of improved project delivery models.

IPD is a method used mostly in the USA that has many similarities to alliancing, with
the one major difference that IPD incorporates a number of LC elements (Lahdenpera
2012; Raisbeck et al. 2010). IPD’s use is mostly concentrated in America, yet the principles
of lean are more prevalent worldwide. Alliancing is often considered at the top end of
collaborative and relational contracting (Ross 2003) and is more widely distributed across
the globe (Chen et al. 2012; Ingirige and Sexton 2006). In addition, IPD and Alliancing
have often been used for different types of projects (Lahdenperé 2012). The authors believe
that there is sufficient difference between alliancing and IPD to warrant such a study, and
as such, a full exploration into the differences between IPD and alliancing will not be
explored further in this paper but can be found in the studies by Lahdenpera (2012) and
Raisbeck et al. (2010).

3.1 Project Alliancing

PA is a collaboration between a client, service providers and contractors where they share
and manage the risks of the project together (Chen et al. 2010). All parties’ expectations
and commercial arrangements are aligned with the project outcomes and the project is
driven by a best-for-project mindset, where all parties either win together, or lose together
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(Chen et al. 2012; Walker et al. 2013). The contract is designed around a non-adversarial
legal and commercial framework with all disputes and conflicts resolved from within the
alliance (Henneveld 2006). This type of project delivery can lead to improved project
outcomes and value for money, in part due to the increased level of integration and
cooperation between planners, design teams, contractors and operators (Love et al. 2010).

Alliancing as a model is well addressed in the literature and thus will not be discussed
in great detail here. Previous research determined the most common characteristics of a
project that may influence the decision to proceed with an alliance as the preferred PDM
and provides an up-to-date look at the critical success factors and barriers to alliancing
(Young et al. 2016a). Alliancing: A Participant’s Guide is a detailed industry publication
that addresses alliancing from the perspectives of both the owner and non-owner
participants (NOP) (Morwood et al. 2008), and Introduction to Project Alliancing is a
valuable piece of the alliancing body of knowledge (Ross 2003).

Project alliances are suitable — and most often used — for projects that have tight
timeframes, multiple or complex stakeholder issues, are uncertain, complex and/or high
risk (Young et al. 2016a). The organization domain of PA focuses on the high level of team
integration necessary to deal with such projects. Alliancing uses a fully integrated project
team that is co-located (in most cases) for the entire duration of the project. A board made
up of equal representation of senior leaders from each party, known as the alliance
leadership team (ALT), governs the alliance. The ALT makes decisions unanimously and
handles all disputes (that cannot be handled at the management level) in house (with the
exception of willful default), reinforcing the high level of team integration. The level of
integration experienced in alliancing is at such a level where an alliance essentially
becomes a ‘virtual’ organization.

The commercial domain of alliancing is made up of, in large part, the three-limbed
compensation model. In recent times, alliance contracts have been structured around the
three-limbed approach: (Ross 2003; Walker et al. 2015):

e Limb 1: all the directly reimbursable costs including project-specific overheads.

e Limb 2: corporate overheads and profit for each NOP, determined by an
independent auditor and is placed ‘at-risk’ according to the pain/gain arrangement.

e Limb 3: incentivized cost-reimbursement where all participants share in the
pain/gain associated with how the alliance performs against pre-arranged targets
in cost (e.g. the target outturn cost and non-cost key result areas).

This three-limbed model creates a contractual alignment between all parties and provides
the financial mechanisms that align the client and NOPs’ interests and objectives.

The operating system of alliancing isn’t known to be associated with a specific set of
tools in the way that LC is. In a general sense, alliancing can be seen to behave in a similar
way that a design and construct (D&C) project would (Marosszeky and Ward 2010) by
using common project management (PM) methods and tools. On a day-to-day level the
alliance is run by an alliance management team (AMT), whose responsibility is to work
with the alliance manager to drive the operational project delivery (Morwood et al. 2008).
The authors are yet to see any prescriptions in the literature explicitly dictating how to
operate an alliance. The literature often deals with what to achieve, i.e., the clients value
for money statement, delivery of project objectives etc., but not how to achieve it. It seems
that alliances do in fact rely on common PM methods and tools unspecific to any particular
PDM. Given the extent to which common PM methods and tools are prevalent in the
construction industry, they will not be covered in detail here.
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3.2 Lean Construction

Lean Construction was born out of the success of the lean philosophy that developed in
the manufacturing industry. Both lean and the development of LC are well described in
literature [Lean: (Ballard et al. 2001; Diekmann et al. 2004; Krafcik 1988; Liker 2004) and
LC: (Howell and Ballard 1998; Howell 1999; Koskela 1992; Picchi 2001)]. Therefore, this
information will not be covered. This paper will instead focus on the way LC addresses
and balances the three domains of the LC triangle.

LC addresses the domain of project organization through the promotion of an
integrated organization, the creation of cross-functional teams and the alignment of
participants’ interests. LC aims to break down the barriers between different
organizations, and between the different functional silos that are present within most
organizations. The organizations can reduce waste by avoiding the separation of design
and construction and the sequential nature of processes often found in traditional project
delivery. The alignment of interests is achieved by combining the promotion of
collaboration with a major focus on the achievement of value as defined by the customers
(both internal and external). This alignment extends not only to the alignment of different
organizational objectives but also to the alignment of employees to each other and their
own organizations (Azari-Najafabadi et al. 2011).

A key element of the LC operating system is characterized by the use of tools. While
a tool in and of itself cannot be described as LC, the application and use of tools in a project
embodies LC if it eliminates waste and/or maximizes value in the project. The same tools
applied poorly could lead to the opposite effect by creating waste and not value (Thomsen
et al. 2009). A number of tools have developed out of the lean community that have been
employed in construction projects. These include, but are not limited to: Last Planner
System™, Increased Visualization, 5S Process, First Run Studies, Daily Huddle Meetings,
Fail Safe for Quality and Safety, Plan-Do-Check-Act, A3 Reports, Value Stream Mapping
and Target Value Design (Salem et al. 2005; Thomsen et al. 2009).

Addressing the commercial domain is not so straight forward since LC itself is not
considered to be a typical project delivery contract strategy. The commercial domain has
do to with the “compensation method, contractual assignment of roles and responsibilities,
and financial mechanisms which can result in alignment of interests within a project
organization, if properly designed, etc.” (Azari-Najafabadi et al. 2011, 428). The research
has uncovered many ways that LC can lead to alignment of interests within a project, but
not in the specific commercial aspects of a compensation model or financial mechanism.
This gap is often where, in the LC community, IPD steps in to handle the commercial
contractual arrangements.

4 FINDINGS AND DISCUSSION

This discussion presents the authors’ interpretation of the findings that have resulted from
this research. This discussion explores the three project delivery domains of both PA and
LC in order to determine the similarities and differences between the two and to identify
the potential for lessons learned to be passed from one to the other and vice versa.
Alliancing is structured in a way that creates full alignment of the three domains. The
shared risk and pain/gain arrangements combined with the alignment of client and
commercial participants’ objectives creates an entity that is adept at dealing with projects
that are high risk or have high levels of uncertainty. When combined with unanimous
decision-making, no dispute clause and open book, it helps to promote the win-win
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principle of PA necessary to deal effectively with issues that arise. When problems arise,
it is in the best interest of all parties to find the best-for-project outcome, and find it
quickly. The full integration of the organizational domain combined the commercial
aspects creates a situation where the emphasis of contract management in the typical sense
is removed and full focus can be placed on the operation of the alliance.

It seems that, even with a good balance between the domains, alliancing hasn’t made
any leaps forward in terms of revolutionizing its operating system when compared to
traditional PDMs. The success of alliancing seems to be due to the innovations made in
the organizational and commercial domains. Such a finding leads the authors to believe
that alliancing could be greatly improved by focusing on its operating system.

LC as a method of management seems to operate mostly in the organizational and
operating system domains. Despite deficiencies in what is commonly understood to be the
commercial domain, LC maintains a high-level alignment between the other two domains.
This alignment makes it particularly adaptable to being incorporated into a wide range of
commercial models.

Considering both PA and LC from this perspective, we can see that they are highly
compatible. They share many similarities in the organization domain in that they both
strive to achieve full integration to the effect that value is maximized for the client. PA has
a fully functioning commercial domain that is inherently aligned with the principles of LC
(Young et al. 2016b), thus making PA and LC highly compatible in this area. In the
operating system domain, PA relies on traditional approaches to project management and
does not have a specific set of prescribed methods and tools of its own. This void creates
a situation where a full LC operating system, i.e., tools and methods such as LPS, Increased
Visualization, 5S etc., could be seamlessly introduced into an alliance without
fundamentally changing the alliance itself.

The findings show that there is great potential for PA and LC to learn from each other.
This possibility has been demonstrated practically via the adoption of alliance-like
governance and commercial aspects into LC, creating the IPD model. On the other hand,
the alliancing model could benefit from LC, particularly from its operating system, while
still staying true to the structure and principles that make alliancing what it is today.

5 CONCLUSIONS

A major driver of alliancing is to deliver value for money to the client, so it comes as a
surprise that, to this date, alliancing it yet to fully capitalize on the LC operating system
to drive the pursuit towards maximum value. Despite the presence of PDMs that resemble
a combination of PA and LC, namely IPD, alliancing, in its own right, has solidified its
place alongside such PDMs in the project delivery toolkit available to clients. The presence
of IPD does not make alliancing obsolete and the inclusion of a LC operating system into
standard PA would not necessarily become IPD either.

Regarding the similarities and differences between the two project delivery methods,
the similarities are in the organizational domain while differences exist on the commercial
and operating system domains. Despite the differences in the commercial domains, PA
does inherently align with LC principles, making the two compatible in this area. The
major difference in the operating system domain is that LC relies on a specific set of tools
to handle daily operations while PA uses non-specific tools from the common PM toolkit.

There is potential for the two systems to learn from each other. Particularly, alliancing
could learn from the LC operating system. The inclusion of a lean operating system would
not require any major changes to the existing structure of a standard PA agreement.
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Alliancing could essentially remain the same, structurally and commercially, while
incorporating LC methods and tools into its operating system. This integration is made
possible due to the inherent alignment between alliancing and the lean construction
principles in the organizational and commercial domains.

The authors aim to study the practical implications of this concept by reviewing the
outcomes of a number of Finnish alliances that are in the process of experimenting with
the inclusion of the lean construction philosophy, tools and methods. Based on these
theoretical findings, the expectation is that this implementation will deliver positive results
and key lessons learned.
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Abstract: Managing industrialised construction requires an accurate synchronisation
of design, manufacturing and assembly processes. Considering the high uncertainty
and the interdependences between different processes on site, it is important to
consider the status of the construction site in the planning and control process.
Understanding the demands of site assembly in terms of components is a key step for
integrating fabrication and site assembly. One possible approach is to use Building
Information Modelling (BIM) for planning the logistics operations of prefabricated
building systems.

The aim of this paper is to describe an application of BIM 4D modelling for
supporting the planning and control process of logistics operations for Engineer-to-
order (ETO) concrete prefabricated structures. Design Science Research was the
methodological approach adopted in this investigation, which involved an empirical
study carried out in partnership with a company that design, produces and assemble
prefabrication concrete structures. The main contribution of this investigation is on
how to increase the reliability of information exchanges by concentrating product
and process information in a BIM model. Also, some guidelines on how to plan
loading and unloading operations, and how to use BIM to assess changes in
production plans, considering the logistics impacts.

Keywords: Industrialised construction, logistics process, 4D BIM simulation, planning
loads, lean construction.

1 INTRODUCTION

Building projects have become increasingly complex due to several factors: need to
increase building performance, product flexibility, high uncertainty in some markets, and
the large number of specialists involved. The growing complexity, associated with the need
to reduce project duration, reduce costs and improve working conditions have encouraged
the adoption of prefabricated building components and systems, which are often produced
offsite. Differently from the idea of mass-producing off-the-shelf parts, this type of
industrialisation requires customised design and fabrication, being similar to Engineer-to-
order (ETO) production systems in manufacturing (Eastman et al., 2011). In this type of
production system, design and production do not start until a customer order is confirmed
(Powell et al., 2014).
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Production planning and control in this type of production system plays the role of
coordinating different types of flows (design information, fabrication, logistics operations,
and site assembly), in an environment that usually has a high level of uncertainty (Viana,
2015). In fact, the scope of planning and control for prefabricated building systems tends
to be different from traditional construction. A major challenge in the management of
prefabricated building systems is to avoid stoppages and the increase in work-in-progress
due to the lack of components available. However, this does not mean that all materials
should be ordered as early as possible and stored on site, but rather that they should arrive
just in time (Skjelbred et al., 2015).

The primary focus of logistics in construction is to improve coordination and
communication between project participants during the design and construction phases,
particularly in the materials flow control process (Agapiou et al., 1998). In prefabricated
building systems, a higher level of coordination and frequent exchanges of information is
necessary, due to the need to integrate different units of the same company, or sometimes
to engage external suppliers of components (Cus-Babi¢ et al., 2014).

In order to reach a balance between on-site buffers of components and just-in-time
deliveries. some conditions must be considered: uncertainty and variability in site
conditions and upstream flows, distance to the supplier, lead time, the level of detail in the
plans, and the amount of storage space on site (Skjelbred et al., 2015). The definition of
the transportation batches is a key decision for controlling the flow of components and
synchronising the production in both the prefabrication plant and assembly site. Those
batches should be sized and designed according to the project, and are hard to be
standardised in ETO production systems. In that case, a load plan needs to be produced
for specific loads, describing what should go in the truck, and when it should arrive at the
site.

Numerous research studies have pointed out the benefits of Building Information
Modelling (BIM), especially by using 4D modelling to support production planning and
control, such as testing alternative sequences of tasks (Chau et al, 2004), predicting
logistics problems (Hartmann et al,, 2008), detecting spatial conflicts between tasks
(Akinci et al.,, 2002), monitoring progress discrepancies (Golparvar-Fard et al., 2009),
improving site layouts (Ma et al., 2005) and analysing workspace congestion (Chavada et
al., 2012). BIM enables a wide range of information to be stored and connected to a virtual
building representation, which is produced by different project participants. This virtual
model has the ability to store different types of information, including geometric, semantic
and topological information (Schlueter and Thesseling, 2009).

However, none of those studies has addressed the process of planning and controlling
logistics operations for prefabricated building systems such as loading and unloading
components, movement of equipment, and control of site inventories. Moreover, little
emphasis has been given to the interactions between traditional production planning and
control systems with the management of site logistics in an organisational context. Indeed,
most BIM tools are designed to handle permanent building objects, and temporary objects
have received far less attention (Karan and Irizarry, 2015). Only a few and very specific
aspects of logistics have been discussed so far, mostly related to the positional planning of
inventories and workspaces. In fact, in most studies 4D models are simply a translation of
the output of a CPM network (Jongeling and Olofsson, 2007) that contains only value-
adding activities, a practice widely criticised by the Lean Construction Community.

The aim of this paper is to describe an application of BIM 4D modelling for supporting
the process of planning and controlling logistics operations for prefabricated concrete
structures. This application assumes that in ETO prefabricated building systems the
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manufacturing process must be pulled according to the assembly process status, similarly
to what is prescribed in the Last Planner System' . This application supports decision-
making in the definition of the loading operations that need to be carried out, considering
the priorities established in the long terms plans, the existing inventories in the plant yard,
and site constraints. This was based on an empirical study carried out in collaboration with
a large company that delivers concrete prefabricated structures in Brazil.

2 RESEARCH METHOD

Design Science Research (DSR) was the research approach adopted in this investigation.
The aim of DSR is to develop innovative solutions that solve practical problems and at the
same time allow a theoretical contribution (Kasanen et al., 1993). Problems from real world
are investigated and one of the research outcomes is the development of artefacts such as
models, diagrams, plans, organisation structures, and information system designs (Lukka,
2003). The research process was divided into the following phases: understanding the
problem, development of the artefact, and analysis and reflection. It was conducted in close
collaboration with the concrete prefabrication company (named Company A), similarly to
an action research process. Several learning cycles were undertaken during the
implementation process. This research study is part of a broader research project that aims
to implement improvements in the production system and assembly process of concrete
prefabricated structures.

Company A is a company that delivers complete solutions of prefabricated concrete
structures for building projects in Brazil, often involving customised components. This can
be described as an Engineer-to-order production system. This research study was focused
on the delivery of prefabricated concrete structures for a university campus, located in
Porto Alegre, which corresponds to 67% of the total constructed area of the building. The
components for this project were all produced in a prefabrication plant located 740 km
away. This company was chosen because they had an improvement program based on the
Lean Production Philosophy, and was interested in the use of BIM for managing logistics
operations.

The study lasted 11 months, covering the whole period of site assembly. Multiple
sources of evidence were used in this investigation: (i) unstructured interviews were
carried out with different stakeholders from the concrete prefabrication company and from
the construction company, such as the site managers from each company, assistants and
crew leaders from the prefabricated contractor; (ii) document analysis, including 2D
designs and activity plans, spreadsheets of load plans and components status report; (iii)
participant observations in short-term planning meetings, involving representatives of
both companies, with an average duration of 1 hour, to discuss the construction progress;
(iv) meetings with site manager, with 30 minutes length, were performed during 26 site
visits, for short-term plan discussions and planning load discussions, using 4D simulation
to understand assembly sequence. Besides, three workshops involving the research team
and company’s representatives were carried out to create a discussion group, providing a
common understanding of concepts and practices as well as diagnosis carried out on the
construction site. In addition, two plant visits were performed at the company
headquarters in Curitiba to understand the production process of components.
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3 EMPIRICAL STUDY
3.1 3D and 4D Modelling

The modelling process was divided into two stages. First, a 3D model was produced, using
the 2D structural design as a starting point. Then, a 3D model of the construction site was
devised, including, besides the prefabricated components, some temporary facilities,
pathways and main equipment. The codes used for identifying each prefabricated
component in the structural design were used in the 3D model, as this is an important
identification throughout all company controls. Figure 1 provides an example of the code
used for identifying a component in a 2D drawing (a), and the attributes assigned to that
component in the 3D BIM model. In this case, families of the component were created, by
creating a specific ID for each of them.

\ - -
\‘\ o | Famiia: Precast-Rectanguar Column with MuliL v | Carregar...
:_:A?':\ ‘.\~= Too: PP306 v Duplicar. ..
/. \ \
=2 \ Parametros de tipo
ST Parsmet: Val A
"—’\___'_,—:-_: _ arametro | alor I
NS |Construclol A
\ ] South Corbels Number o |
\ V= South Corbel Type<Modelos gen Sloped Corbel
\ N — North Corbels Number 0
[V North Corbel Type<Modelos gen Sloped Corbel
b e East Corbels Number 4
\\\ & East Corbel Type<Modelos genéri Sloped Corbel
N ~.J West Corbels Number 0
C_ West Corbel Type<Modelos gené Sloped Corbel i
A \ - .
PP306 A\ (s ——— &
- \ d rt N3o definid:
CL=3.350,00 J [ Forma do corte 30 definido N
[BP=3.290,00 S =
[ Corbel Width West 40.00
] | Corbel Width South 3000
B — 8 Corbel Width North 3000
. Corbel Width East £0.00
E DET.C Corbel Height
~ e Corbel Height West 40,00 v
— A << Visualizar {— oK Cancelar Apl B

Figure 1 - Components Code in the 2D drawing (a) and in the BIM model (b)

The 4D model was generated in the Synchro Professional software, based on the schedule
from the construction site The long-term plan provided by the company was used only as
starting point for the creation of the activities schedule in the 4D simulation software. A
coding system for the assembly activities was created, combining the position (axis) of the
component, the type of component to be assembled (columns, beams or slabs) and the
identification of the assembly stage. Figure 2 presents an example of the coding system.

Axis  Type of parts

D Name:

1 ST... 4 1% equipe de{ montagem 154 09:00 13/01/2016  17:00 29/01/2016
2 sTO. ﬁ; 1 09:00 13/01/2016 17:00 13/01/2016
3 sTO. 1213/8C vigas 1 ] 09:00 14/01/2016 17:00 14/01/2016
Figure 2 — Example of the coding system for site assembly activities
3.2 Existing process for planning the load

A key activity in logistics operations is planning the loads, based on the definition of
transportation batches. It is worth noting that concrete prefabricated components should
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not be stored on site, i.e. the delivery date and the sequence of transportation batches
should match the assembly date and sequence. In that context, the task of planning the
loads becomes more critical than when is possible to site inventories. Before the
improvements were implemented, this process was carried by manually matching the
components described on 2D drawings and the site assembly schedule, in order to generate
a daily list of the required components. In parallel, the production planning and control
department from the plant should provide the components status report, containing
updated information about the status of each component (e.g. not produced, produced,
ready to ship). After that, the site manager should check if the required components would
be ready on time for shipping. Then, the loads were planned based on the availability of
the components.

Figure 3 represents schematically this process. The load plans were produced every
tifteen days, containing approximately forty-five loads - each load had eight components
on average. The load plans were sent to the planning and control department 15 days
before they were required on site, in order to confirm the production of components and
2 days in advance to the expedition department to confirm the site assembly demand.

[{ Assembly sequence [ 2D printed projects
i || —] l

1
!
EMANA
| S [L
1

-

£1/01/02~07/02

| SEMANA 32
01/02-07/02

[“f Components list

-+

E,/ Status report

Pedido
Pega Complemento Desenho Qtde. Vol.(m3) Peso (t)
UNOS-PP-000038 70x70x1240  8187-E536A 1 642 1605 1 842 0 1 1 1 842 0 0
UNOS-PP-000037 70x70x1240  6187-ES37A 1 642 1605 1 842 0 1 1 1 842 0 0
UNOS-PP-000038 70x70x1240  6187-ES38A 1 837 1502 1 637 0 1 1 1 837 0 0
UNOS-PP-000032 30x00x1270  6187-ES30A 1 as1 877 1 3s1 0 1 1 351 0 0

1
Figure 3 - Schema of existing process of planning the load

3.3 Changes introduced in the process of planning the loads

A major change in the process of planning the loads was the introduction of a 4D BIM
model containing all necessary information about prefabricated concrete components. By
assigning objects of the 3D model to each scheduled activity, planners could easily
visualise the progress of the site-assembly process, and the batch size assigned to each
crew, reducing the possibility of errors while planning the loads. Figure 4 represents the
interface of the 4D BIM software, which displays a bar chart containing the activities to
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be performed on a given day, and the model containing geometric, semantic and
topological information of each object of the model.

- ~ 15t Apr 2016
D Name Duatiol Start Frish 30 Tond i

37 STO..  22/DPiares r 31/03/2016 31/03/2016 N Fcast Rectangu 'D-Pilares

8 ST 21-22/C-D vigas 1 d 01/04/2016 01/04/2016 _ Precast-nverted 1 i 21-22/C-D vigas 1

ST | 212Dl 1 10 o206 o206 Foundatn SabL i g1-gg/(3»5) lajes 1»

< > < >

support | Gantt

3D Using Dates[Best] [1096x348] v ax

An activity list was exported from the model in Synchro software, containing useful
information for making decisions about planning the loads. Each line of this Microsoft
Excel spreadsheet (Figure 5) relates to all types of components (such as columns, beams,
slabs), in a specific location, during a specific period.

3D
D Name Duration Start Finish Resources Resources
2° equipe de montagem [+] [+] [~] [+]
ST0002C21/C Pilares 1d 28/03/2016 09:00 28/03/2016 17:00 1 Precast-Rectangular Column with Multi Layer Corbels:PP3"
ST0003(20-21/B-C vigas 1 1d 29/03/2016 09:00 29/03/2016 17:00 1 Precast-Inverted Tee:VP709:793823_(#96540)
ST0003£20-21/B-C lajes 1 1d 29/03/2016 09:00 29/03/2016 17:00 7 Foundation Slab:LA767:794500_(#98285), Foundation Slg
ST0004(20-21/B-C vigas 2 1d 29/03/2016 09:00 29/03/2016 17:00 1 Precast-Inverted Tee:VP706:762898_(#78078)
ST0004£20-21/B-C lajes 2 1d 29/03/2016 09:00 29/03/2016 17:00 7 Foundation Slab:LA886:780635_(#88600), Foundation Slg

Figure 5 - Spreadsheet with list of activities and the assigned resources

The information from the production status report was included in this spreadsheet to
analyse if the required components were ready to be shipped. The spreadsheet was
designed for automatically update this information from the status report, creating a new
tool for the process of planning loads. Error! Reference source not found. shows the
information arrangement of the spreadsheet, highlighting (dashed line) the required inputs
in terms of location axes and level.

2230 | 2B E' PesoTotal 86,4 ton +  O1 3scomm O

JESD=ER Tipos de pegas Extensiva? N3o a @2 23,97 Comum O

2P G ] 19 Total de 5 Cargas 5 (O3 13,62 Comum O

3P i 6 ! 5 Cargas 5 Comum QOa 21,84 Comum @)

'TS'eg'u_na6 andar opcional) | 0 Extensiva | Os 3,34 Comum O

i~ v/ Planiv| EXO v QTDE v PESOun ~| VOLUMEur~ COMP~ | v | DAJA~ ESOI~ | VOLtol~ | PRODUZID, v Tip v Carga-¥|

VP 783 2P 22-23/D-E 1 4,65 1,86 7,48 20/abr 4,65 1,86 oK P3V 2
VP 787 2P 22-23/D-E 1 3,34 1,336 7,68 20/abr 3,34 1,336 oK PV 2
VP 797 2P 22-23/D-E 1 7,66 3,065 9,98 20/abr 7,66 3,065 oK P3V 2
VP 809 2P 22-23/D-E 1 2,49 0,995 5,78 20/abr 249 0995 oK PV 2
VA 780 2P 22-23/D-E 1 0,31 0,125 1,28 20/abr 031 0125 oK PV 2
VA 781 2P 22-23/D-E 1 2,9 1,16 5,78 20/abr 2,9 1,16 oK P3V 2
10 VA 782 2P 22-23/D-E 1 0,24 0,096 1,28 20/abr 024 0,096 oK PV 2
! VA 787 2P 22-23/D-E 2 0,75 0,299 2,43 20/abr 1,5 0,598 oK PV 2
VA 788 2P 22-23/D-E 1 0,88 0,35 2,68 20/abr 088 0,35 oK PV 2

Figure 6 - Spreadsheet of planning the loads
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After using the tool, the site manager reported a 33% reduction in the time spent on this
activity. This happened because several non-value-adding activities were eliminated (e.g.
the manual generation of the component list and the cross-comparison of information
from the component list and component status report). This also contributed to the
organisation of the information by the site manager, so that all information needed for
planning the loads was in the same file.

By using BIM integrated with production data, the exchange and update of information
became more reliable. There is a change in the availability of status information in real
time. The plant delivered 95% of the requested loads on time, and the productivity of the
assembly team has increased due to the reduction in the waiting time by components of
the plant. The effective communication between the construction site and the
manufacturing plant, made short-term plans more accurate, which then led to a reduction
in the duration of the operation, also reducing delays and a lower demand for material
buffering, as highlighted by Cus-Babi¢ et al. (2014).

The benefits of this application could more perceptible if the Last Planner System was
used in its full potential. The use of 4D simulations has made easier the control of the
assembly process (Figure 7) and reduced the time spent for this activity. In addition, there
were improvements in the visualisation of the project, by making available geometric and
topological information of the components.

4 CONCLUSIONS

This research work pointed out the importance of planning loads in the context of
Engineer-to-order prefabricated building systems, as part of logistics management.
Planning the loads is also important to confirm the need for production of prefabricated
elements and to control material flows, providing a clear definition of batches and
assembly sequence.

The use of 4D models, including semantic information of components and critical
equipment, has contributed to improve the understanding of the production process. The
practice of updating this model during short and medium-term planning and control
processes facilitates decision-making about logistic process both for the plant and for the
construction site. The ability to exchange and update information increases the reliability
and transparency of the process, supporting collaboration between different departments
of the company (production, expedition, and assembly). Furthermore, the improvements
in the process of planning the loads contributed to reduce delays in the delivery of
components to assembly sequence, to reduce site inventories and ensure that the
prefabrication plant produce only the necessary to attend the site demand.
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INTEGRATION OF LEAN CONSTRUCTION AND
BUILDING INFORMATION MODELING IN A LARGE
CLIENT ORGANIZATION IN MASSACHUSETTS

Marzia Bolpagnil, Luciana Burdi’, and Angelo Luigi Camillo Ciribini®

Abstract: Recently the construction industry has started to study and implement
together Lean Construction (Lean) and Building Information Modeling (BIM) to
better manage projects. Previous research findings suggest that several changes in
the work practice and business processes are needed to fully take advantage of BIM
and Lean. Even if the client's role is very important to drive the entire process, the
literature lacks of comprehensive examples of client's implementation. The paper
shows how a large client organization is integrating Lean and BIM in real projects
and how it is possible to measure it thanks to a Maturity Matrix. The research is based
on a case study involving both active participation and interviews. The main results
indicate that a) internal change is needed in the client organization; b) clients need to
drive the process in order to maximise benefits; ¢) BIM does not fit in the traditional
procurement process; and d) existing contracts need to be modified to support BIM
and Lean. Research findings are useful for large client organizations that would like
to integrate BIM and Lean in their operational strategy as well as for researchers.
Further studies could be done to compare the work of different client organizations.

Keywords: Lean Construction, Lean, Building Information Modeling, BIM, Large
Client Organisation.

1 INTRODUCTION

Building Information Modeling (BIM) and Lean Construction are considered two of the
most relevant drivers in the construction industry (Sacks et al. 2010). However, the lack of
a unique definition of BIM and Lean often generates confusion and misunderstanding in
the industry as well as in academia (Succar 2009; Modig and Ahlstrom 2015).

As a term, BIM has grown tremendously over the years and is now the current
expression of digital innovation across the construction industry (Succar 2017). BIM is a
set of technology, processes or policies, enabling multiple stakeholders to collaboratively
design, construct and operate a facility in virtual space (Succar 2017; Succar 2009).

Lean can be seen as an operational strategy that priorities flow efficiency over resource
efficiency (Modig and Ahlstrom 2015). The car dealer Toyota was the first to adopt it using
the so called "Toyota Production System" (TPS) (Koskela 1992; Modig and Ahlstrom 2015).
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Lean Construction is the application of this approach to the construction industry (Koskela
1992; Koskela 2000). In this research the term 'Lean' stands for 'Lean Construction'.

Initially, Building Information Modeling and Lean Construction have been separately
developed (Sacks et al. 2010; Dave et al. 2013; Dave 2013). Recently, they have been
analysed together and several constructive interactions have been identified (Sacks et al.
2010; Eastman et al. 2011; Dave et al. 2013; Dave 2013). Alarcén et al. (2013) have provided
a literature review on this topic, even if the difference between BIM and Virtual Design
and Construction (VDC) is not totally clear and the two terms are used as synonyms.

When implementing BIM and Lean, several changes in the work practice and business
processes are needed (Succar 2009; Eastman et al. 2011; Dave et al. 2013; Dave 2013).
While the client's role is very important to drive the entire process (Eastman et al. 2011;
Ciribini et al. 2015), the literature lacks of comprehensive examples of client's integration
of BIM and Lean and ways to measure and compare different organizations.

2 RESEARCH AIM AND METHODOLOGY

The research aims to identify the current maturity of BIM and Lean integration in a large
client organization using the Maturity Matrix developed by Bilal Succar (2010). The study
is a preliminary research for further and more depth research to compare the situation of
different client organizations working on BIM and Lean.

The work is a case study on a large USA client organization, the Massachusetts Port
Authority (Massport), an independent entity governed by a board of directors appointed
by the State's governor. Massport owns and operates both horizontal and vertical assets
such as Boston Logan International Airport, and Worcester Regional Airport.

The research project started in October 2015 and lasted for six months. During this
period of time, it was possible to daily work with the Design Technologies Integration
Group (DTIG) that is responsible for the BIM and Lean implementation within Massport.
In order to complete the Maturity Matrix, it is essential to have sufficient insight into the
organisation’ systems and culture and to conduct the assessment as a group activity
involving individuals representing different roles, disciplines and seniority levels (BIMe
Initiative 2016). For this reason, four different projects at different stages (conceptual,
design, construction and operation and maintenance) have been analysed to better
understand Massport's operational strategy. The work is supported by the study of client's
documents, direct observation during internal and external meetings with consultants and
semi-structured interviews with client's projects managers, cost estimator, assistant
director and the DTIG manager.

One of the authors, Dr. Luciana Burdi, is adjunct assistant professor at Worcester
Polytechnic Institute and Deputy Director of the Capital Programs and Environmental
Affairs Department at Massport. The authors would like to state that, even if there could
be a potential conflict of interest, the study has been conducted independently and it is an
accurate representation of the trial results.

3 THE INTEGRATION OF BUILDING INFORMATION MODELING AND
LEAN CONSTRUCTION AT MASSPORT

3.1 BIM and Lean Integration: start with the end in mind

Several large client organizations, such as government departments (GSA 2015; U.S.
Department of Veterans Affairs 2010; MoJ 2016), State owned companies (COBIM 2012;

80 | Proceedings IGLC | July 2017 | Heraklion, Greece



Marzia Bolpagni, Luciana Burdi, and Angelo Luigi Camillo Ciribini

Statsbygg 2013) and States (State of Wisconsin 2012) are implementing BIM-based
strategies supported by BIM guides, protocols and mandates (Kassem et al. 2015). Recently,
the NIBS (2017) published the National BIM Guide for Owners and also the European
Commission is working on a BIM Handbook for client organizations. However, Massport
is the only client that has implemented a multi-year strategy based on BIM and Lean.

Lean and BIM are equally essential enablers in Massport's strategy for innovate project
delivery and maintain assets. The BIM and Lean integration is summarised in Figure 1.
Every project starts with the identification of the Conditions of Satisfaction (CoS), explicit
client's requirements to be satisfied by suppliers. CoS are similar to Employer Information
Requirements (EIR) defined in PAS 1192:2 (BSI 2013). The CoS definition forces suppliers
in providing the exact required information avoiding lack or overflow of data.

Later, the BIM Execution Plan (BIMxP) is developed together with stakeholders in
order to define BIM Uses (such as clash avoidance) and Lean tools (such as Pull Planning
and Last Planner System®) that support CoS execution. During client's needs definition,
any constraint against CoS accomplishment is identified in the BIMxP and removed or
mitigated thanks to BIM Uses (such as Laser Scanning or Modeling of Existing Conditions)
and Lean tools. The main Lean tools and principles are described in the Guideline
(Massport 2015a). Each CoS can be split in several actions with different levels of priority
and responsibilities. It is important to remark that each CoS can be satisfied by several
BIM Uses and there is not a 1:1 relation.
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Figure 1: BIM and Lean Integration (Massport 2015a)

3.2 Introduction to BIM and Lean Maturity Matrix

In order to better evaluate Massport's BIM and Lean implementation, the BIM Maturity
Matrix created by Succar (2010) has been used. Originally, the Matrix (Succar 2010) has
not been developed to assess BIM and Lean together, but the research shows that is it a
valid support because it takes into account three main BIM fields, Technology, Process and
Policy and their sub categories (Succar 2009) where Lean can contribute.

Another Lean and BIM maturity model, based on NBIMS work (2007), has been created
(Dave et al. 2013). Its limitations have been discussed by Succar (2010). Similar
considerations can be done on the new version (Dave et al. 2013) because the 10 maturity
levels are not well explained and the 11 areas of interest are not clear and they mix
different aspects such as Lean tools (e.g. Target Value Design and co-location of teams),
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BIM Uses (e.g. BIM for production and Accurate as-built model) and policy aspects (e.g.
relational contracting). Finally, the matrix is project-based and it does not allow
organizational assessment.

3.3 Technology: Software, Hardware and Network

For Massport the technology improvement is essential to support BIM and Lean
implementation. For this reason, investment in equipment is tightly integrated with
financial plans, business strategies and performance objectives. The DTIG team constantly
evaluate new versions and solutions available in the market to support defined BIM uses.
Data usage, storage and exchanges are monitored and controlled using a specific platform
where only authorized people can access. Due to technology limitations, full
interoperability data exchange cannot be performed and BIM and Lean software are
usually used to manage singular projects.

3.4 Process

3.4.1 Resources, Activities & Workflows and Products & Services

Based on the Lean principle of continuous improvement, Massport's staff is periodically
asked to fill Plus and Delta template on events and overall working experience. Moreover,
documents to support BIM and Lean knowledge are collected in a digital platform.

BIM roles such as the DITG Manager and competency targets are imbedded within the
organization and traditional teams are replaced by BIM and Lean oriented ones thanks to
specific training.

The BIMxP defines the Level of Development (LOD) during different project
milestones in accordance with specific BIM Uses. This approach is innovative because it
avoids information waste, promoting detailed specifications thanks to a Lean approach.
However, in the Guideline (Massport 2015a), LOD is associated to both the entire Building
Information Model and Model Elements, in contrast with the reference document, the LOD
Specification (BIMForum 2015), where LOD is associated only to Model Elements.

3.4.2 Leadership & Management

Massport set a multi-year strategy (2014-2020) for implementing BIM and Lean (Massport
2015c) because organizational, processes and technological changes are needed and they
require time to be fully integrated using a gradual approach. Lean Benefit Realization
Management (LBRM) (Smith 2013) has been used to develop the strategy thanks to
stakeholders engagement.

The roadmap (Massport 2015c) is divided in three sequential phases: 1) Normalise (2
years and half); 2) Optimize (2 years); and 3) Institutionalize (1 years half).

During the first phase the DTIG is established in order to coordinate the BIM and Lean
implementation and the entire staff is trained. It is important to establish an internal team
and not rely only on external consultants because the client needs to drive the entire
process.

Different standards are defined, such as the BIM Guideline (Massport 2015a), an
Appendix on BIM Uses (Massport 2015b) and the BIM Execution Plan (BIMxP) template,
to clarify Massport's needs. Several pilot projects are carried out to gradually implement
the new strategy and support the definition of requirements.

In the second phase, the BIM-based process is fully integrated with the Geographical
Information System (GIS) and Facility Management systems and procedure. The last phase
is based on integrated real-time information exchanges and monitoring. During the
research project, Massport was completing the first phase.
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3.5 Policy
3.5.1 Preparatory

Training on BIM and Lean is integrated into organisational strategies and performance
targets as stated in the first part of Massport's strategy. All staff has a basic knowledge on
BIM and Lean principles and specific training programs are set based on different roles
and respective competency objectives. For example, project managers are trained to open,
view and mark up BIM Models as well as to take part into Pull Planning sessions.

3.5.2 Regulatory

Massport realized that the manuals were based upon traditional processes in conflict with
Lean and BIM. For this reason, after a deep analysis on intrenal strandards and Facility
Management (FM) data requirements, the BIM Guidelines for Vertical and Horizontal
Construction (Massport 2015a) has been published. A glossary of terms and acronyms has
been included to avoid misunderstanding, improve team communication and allow
stakeholders to better understand client's needs. The guideline contains a 'BIM decision
Matrix' to define requirements based on project types and Estimated Construction Cost
(ECC). A BIM-based approach is required for all projects with ECC over 1M $; for project
below 1M8$, instead, a traditional approach is accepted. A separate Annex (Massport 2015b)
on BIM Uses is available with a list of well-defined 51 BIM Uses that has been used as a
reference for the Modular Requirements Clarification Language on BIM Uses developed
by Succar et al. (2016).

3.5.3 Contractual

In order to successfully use BIM and Lean, procurement methods and contracts must be
analysed. For this reason, Massport reviewed existing contracts and laws. Massport
delivers projects under the Commonwealth of Massachusetts General Law using several
procurement methods (Chapter 30, 149 and 149A). The allowed procurement methods are
Design-Bid-Build (DBB), Design-Build (DB) and Construction Manager at Risk
(CM@Risk) (Commonwealth of Massachusetts; Massport 2015a). Collaborative
procurement methods, such as Integrated Project Delivery (IPD) (AIA 2007), are more
suitable for BIM-Based and Lean processes (Sacks et al. 2009; Eastman et al. 2011).
However, IPD cannot be used because some principles, such us the use of multi-party
contracts and profit sharing, are in contrast with the General Law (Massport 2015a).
Massport believes that the procurement method influences the success of the process
and BIM does not fit in the traditional procurement method (DBB). For this reason,
Massport favors DB and CM@Risk, where there is an early contractor involvement. Based
on a Lean approach, the client organization promotes the early involvement of key players
because they can bring better value to the project. In this way, it is possible to avoid
possible issues and improve the decision-making process as demonstrate by literature
(Eastman et al. 2011; Bolpagni 2013). The client organization noticed that existing
contracts do not manage risk for BIM-based projects. Thus, Massport worked with a legal
expert to re-write contract documents. Two BIM Exhibits, for CM@Risk and DBB, have
been created. The BIM Exhibits state that Building Information Models are the primary
contract documents and drawings must be produced from them. Other sections of the
exhibits define the responsibility for model development, ownership and management.
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3.6 Results of Massport's BIM and Lean Maturity Matrix

Based on the previous discussion, Table 1 illustrates results of BIM and Lean
integration at Massport using the last version of the Maturity Matrix (BIMe Initiative 2016).

Table 1: Results of Massport's Maturity Matrix on BIM and Lean integration

BIM Maturity Matrix - Assessment at Granularity Level 1 a b c d e
Technology Software X
Hardware X
Network X
Process Resources X
Activities & Workflow X
Products & Services X
Leadership & Management X
Policy Preparatory X
Regulatory X
Contractual X
Stage Modeling-Based Collaboration [2] X
Scale Organization [9] X

4 DISCUSSION

The definition of clear client's needs (CoS) is a key part of the overall process and the
BIMxP should be structured to solve and manage CoS thanks to BIM Uses and Lean. Also
in the UK, client's requirements (EIR) play a relevant role (BSI 2013), but they have not be
fully integrated in the workflow. The NBS BIM Toolkit (NBS 2017) has tried to fill this
gap, but it is quite rigid and EIR are not associated with BIM Uses and Lean.

Even if Lean is an operation strategy that could be a strategic choice for all organization
to improve flow and resource efficiency, how it is realized depends on the context (Modig
and Ahlstrom 2015). An optimal solution for an organization will not necessarily be
applicable in another organization (Modig and Ahlstrom 2015). The environment
influences the way a client organization procures projects and set requirements. For
example, the Commonwealth of Massachusetts does not allow collaborative delivery
methods, such as IPD (AIA 2007), that can improve the overall process (Eastman et al.
2011; Dave et al. 2013). In addition, Massport is allowed to include explicit references to
commercial software in bids. This approach could not be applicable by other clients,
especially in FEurope. The European Directive on public procurement (European
Parliament 2014), indeed, states that technical specifications shall not refer to a specific
make, source or a particular process that favour or eliminate certain undertakings or
certain products.

The BIM and Lean integration is part of a long-term strategy and results presented in
this paper represent only the first part of a longer journey. For these reasons, results reflect
the current situation and other assessments should be repeated in the future.
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Each client organization should first analyse their own business strategy and
understand what value they would like to create and how to complete it (Modig and
Ahlstrom 2015).

5 CONCLUSIONS AND FUTURE WORK

By today, Massport is one of the few client organization working on a multi-year BIM
and Lean integration strategy. In order to integrate BIM and Lean in real projects,
Massport discovered that it is essential to start with the end in mind defining clear clients
requirements (CoS/EIR). In addition, internal change is needed in the client organization
and a multi-year strategy must be implemented. Owners need to drive the process in order
to maximise benefits and an internal team is needed. In addition, BIM does not fit in the
traditional procurement process and existing contracts must be modified.

The Maturity Matrix developed by BIMe Initiative (2016) has been found a valuable
support to evaluate BIM and Lean implementation in a client organization.

Research findings can be used as a reference for large client organizations that would
like to integrate BIM and Lean in their operational strategy as well as for researchers.

Further studies could be done during the second and third phases of the roadmap in
order to follow the process evolution. Finally, it would be useful to further investigate the
BIM and Lean Maturity Matrix using assessment at Granularity Level 2 (Succar 2010) and
to compare the work of different client organizations.
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CONTRIBUTIONS OF INFORMATION TECHNOLOGIES
TO LAST PLANNER SYSTEM IMPLEMENTATION

Camilo Ignacio Lagosl, Rodrigo Fernando Herrera’, and Luis Fernando Alarcén’

Abstract: The Last Planner System (LPS) has been in use for over 20 years; however,
some of its components remain at a basic level of implementation. This paper seeks
to identify improvements in the level of implementation of those components with
the use of Information Technologies (IT). In addition, correlation analysis between
those components and the Plan Percent Complete (PPC) was performed to determine
which components aided by IT use are correlated to the PPC.

Results were obtained from a sample of 18 construction projects in which the
level of implementation of 16 LPS components and their PPC were measured. Results
showed that the group of 10 IT supported projects had a significant improvement in
6 of the components and in the overall level of implementation of the methodology.
Also, correlative analysis between the level of implementation of each component
and the PPC allowed to identify a positive correlation between 7 components and the
PPC, and between the overall implementation level and the PPC. Finally, two
components were found to be both correlated to the PPC and improved using IT.
These components are the standardisation of the planning and control process, as
well as the analysis and systematic removal of constraints.

Keywords: Last Planner System, Information Technologies, Implementation Level.

1 INTRODUCTION

1.1 Context

The Last Planner System (LPS) has been in use for over 20 years in multiple countries and
projects with highly beneficial impacts on project performance (Ballard and Howell 2003).
A recent study reveals that even though the level of implementation of the majority of its
components has improved over the years, the adoption of some components remains at a
basic level (Daniel et al. 2015). While components related to short term planning are
reported to be widely and extensively adopted, the use of the Executable Work Inventory
(EWI), Constraints Management, Root Cause Analysis and Corrective Actions
Management are still the least implemented parts of the methodology (Daniel et al. 2015;
Salvatierra et al. 2015; Lagos et al. 2016).

1.2 Problem

The insufficient degree of implementation of the aforementioned components prevents the
complete use of the LPS potential (Lagos et al. 2016). Moreover, previous research carried
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out by the Production Management Centre of the Catholic University of Chile (GEPUC)
found that the adoption of components such as Lookahead Planning, Constraints
Management and use of the EWI was highly correlated to improvements in performance
indicators like the PPC (Alarcon et al. 2005). Therefore, improving and standardizing the
adoption of the remaining LPS components should be one of the main objectives of the
continual improvement of the methodology and its implementation (Daniel et al. 2015).

1.3 Opportunity

Evidence also shows that the use of Information Technologies Systems (IT), based on LPS,
to support its implementation resulted in a more comprehensive implementation of the
methodology and better performance (Alarcon and Calderén 2003; Alarcon et al. 2005),
even though the use of IT systems is not yet fully adopted by the industry. For example,
previous research of the use of IMPERA, which is a support system developed by GEPUC
that has been used in more than 100 projects for over 15 years (Alarcon and Calderén 2003;
Alarcoén et al. 2005; Cisterna 2013; Alarcon et al. 2014; Lagos et al. 2016), shows that the
majority of the projects used only about 40% of the software capabilities (Cisterna 2013).

Nonetheless, GEPUC has continuously developed IMPERA, including reports and
contributions related to the less used components of the methodology and software itself.
These contributions have already been proven to benefit the collection and use of
information regarding constraints, causes of non-compliances (CNCs) and corrective
actions (Lagos et al. 2016). Since the management of information regarding the
aforementioned components is improved by the use of the IT system, it could be inferred
that their degree of implementation has also benefited. Therefore, the first aim of this
paper is to analyse the effect of the use of IT Systems on the level of implementation of
the methodology and its least adopted components.

In addition, since previous research has identified a correlation between LPS level of
implementation and the PPC (Alarcén et al. 2005), the second aim of this paper is to
identify which are the components positively correlated to the PPC. Finally, the third
objective is to demonstrate that there are in fact components correlated to the PPC that
have significant improvements with the use of IT systems, allowing to conclude that IT
support can improve both implementation and performance in LPS.

1.4 Research questions

The first question addressed in this research is: Which LPS components have significant
improvements in their level of implementation by the use of IT support? This will allow
us to determine whether the use of IT systems can improve the level of implementation of
LPS and what components are most benefited by its use. The second question is: What
LPS components present a significant correlation between their level of implementation
and the PPC? This will allow us to determine components of the methodology where
improvements can beneficially impact project performance. Finally, the conjoint analysis
of the answers to both questions can help conclude if the use of the IT System addressed
allows an improvement in LPS components significantly correlated with project
performance and the fulfilment of commitments.

2 METHODOLOGY

The research methodology seeks to answer the research questions, as follows:
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1. Literature review regarding the Last Planner System (LPS) and its level of
implementation.

2. Create and validate an instrument to assess the level of implementation of LPS in
the construction stage.

3. Collect information about the level of implementation and traditional indicators of
LPS in 18 construction projects.

4. Data analysis and discussion of results: frequencies analysis, correlations test and
Mann-Whitney U test.

To create and validate the tool to evaluate the level of LPS implementation, the
Planning Best Practices (PBP) (Bernades and Formoso 2002; Viana et al. 2010) tool and a
deep literature review were used as a basis. In addition, user and expert criteria were
considered to develop a metric that details the fundamental aspects of each proposed
component by PBP, described in such a way as to facilitate self-evaluation by users. This
metric was validated qualitatively by a panel of 6 experts.

The instrument consists of 16 criteria, with n sub criteria for each of them (Table 1).
The degree of implementation of each sub-criterion on a Likert scale is evaluated with the
following levels: non-existent (0), low (1), moderately (2) and complete (3).

Then, for each criterion, an average compliance percentage (Equation 1) is calculated;
finally the level of LPS implementation is calculated with the average of the percentage of

each criterion.
n

o ) Score sub criteriay
Criteria accomplishment = ——
number of sub criteria

k=1

The instrument was applied to 18 construction projects that were applying the Last
Planner System (LPS). All projects assessed had completed a 4 month implementation by
LPS consultants. To ensure the quality of data, each project was assessed by the consultant
in charge of the implementation. An analysis of reliability of the instrument was
performed by calculating Cronbach's alpha, which in this case gave a value of 0.924; this
demonstrates a high reliability of the constructed instrument (Hernandez et al. 2006).

During the execution of these eighteen projects, in addition to assessing the level of
LPS implementation, the LPS indicator PPC was weekly measured. Ten of eighteen
projects used the addressed software to support LPS and to carry out all phases of the
planning and control process.

To answer the research question about the correlation between the level of
implementation and the PPC, we used the Pearson correlation coefficient. Also, we
correlated the PPC with each of the instrument criteria presented in Table 1.

To answer the research question about whether there are differences between the level
of implementation of LPS in the project with IT support and the project without this
software, the Mann-Whitney U test technique was used to verify globally and for each
criterion; therefore, the following hypothesis formulation as made:

HO= There is no difference in the LPS level implementation between projects with IT
support and projects with traditional support regarding the criteria i.

H1: There is a difference in the LPS level implementation between projects with IT
support and projects with traditional support regarding the criteria i.

A significance level of 0.05 is defined and the p-value for each face of the criteria for
whether we were with HO or H1 hypothesis was obtained. If the p-value is greater than
the significance level, we cannot reject the null hypothesis; and on the other hand if the
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p-value is less than the significance level, we can reject the null hypothesis and we can
stay with H1.

Table 1: Number of sub criteria for each criterion.

Criteria Number of
sub criteria

Standardisation of the planning and control process
Standardisation of short-term planning meetings
Participation of the last planners in planning and decision-making meeting
Use of indicators to assess compliance with planning
Critical analysis of information
Visual information management
Correct definition of work packages
Using an easy-to-understand and transparent master plan
Phase Planning
Standardisation of intermediate planning
Systematic analysis and removal of constrains
Using an Executable Work Inventory (EWTI)
Exclusive use of EWI in short-term planning
Planning and control of physical work flows

Corrective actions based on causes of non-compliance

[ 2 B L L S 1 e« S e A e < =) S S} B o) SO |

Communication and teamwork

3 ANALYSIS AND RESULTS

3.1 Improvement of the level of implementation of LPS components with
IT support

The hypothesis tests at the global level obtained a p-value of 0.02, which means that the
null hypothesis can be rejected. Therefore, it is possible to conclude that there is a
significant difference in the level of LPS implementation for projects that use the IT system
to support the methodology, compared to projects with traditional support. In fact, a 22%
increment in the general level of implementation of the methodology was detected in the
IT aided group. Detailed results are presented in Table 2.

In addition, when reviewing the Mann Whitney U test at each criterion, significant
differences were identified in 5 of the components. This means that even though the
average by component for the IT aided group was at least 10% higher in 10 out of the 16
criterions, 5 components were found to be significantly aided by the use of IT. These
components were on average improved by 40%. However, it is important to mention that
even though the use of the EWI did not fulfil the p-value criteria for selection, it obtained
an 85% measured increase in the IT aided group, which allows us to infer that the benefit
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of the use of IT systems for this component might also be validated with a more extensive
study.

Table 2: Results of the Mann Whitney U test for independent samples.

Criteria Traditional IT Percentage  p-
Support  Support difference value

Standardisation of the planning and control

process 1,45 2,16 49% 0,02

Standardisation of short-term planning meetings 2,44 2,40 -2% 0,82

Participation of the last p!anners ip planning and 170 174 29 1,00
decision-making meeting

Use of indicators ;)aarllsr;erf; compliance with 1.90 257 359 0.02

Critical analysis of information 1,06 1,75 65% 0,00

Visual information management 1,90 2,12 12% 0,19

Correct definition of work packages 2,75 2,70 -2% 0,01

Using an easy-to-understand and transparent 2.06 255 94 0.01

master plan

Phase Planning 1,38 1,75 27% 0,30

Standardisation of intermediate planning 1,98 2,20 11% 0,16

Systematic analysis and removal of constrains 1,93 2,42 26% 0,02

Using an Executable Work Inventory (EWT) 0,81 1,50 85% 0,06

Exclusive use of EWI in short-term planning 1,53 1,78 16% 0,30

Planning and control of physical work flows 2,23 2,40 8% 0,36

Corrective actiocnosnlz;lsizcrllé)en causes of non- 1.69 1,70 1% 0.8

Communication and teamwork 2,35 2,42 3% 0,86

Average 1,82 2,13 22% 0,02

Finally, components with a significant improvement were: standardisation of the
planning and control process; use of indicators to assess compliance with planning; critical
analysis of information; correct definition of work packages; using an easy-to-understand
and transparent master plan; and systematic analysis and removal of constraints. All but
the correct definition of work packages observed an improvement of at least 24%.

3.2 Correlation between LPS implementation and the PPC

The correlation analysis performed between the PPC and the level of implementation of
the methodology allowed us to observe a positive relationship between the general degree
of implementation and the fulfilment of commitments, represented by a Pearson
Coefficient of 0.7. In addition, analysis by criterion allowed us to determine positive
correlations between 7 components and the PPC. These components are the
standardisation of the planning and control process; participation of the last planners in
planning and decision-making meeting; standardisation of intermediate planning;
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systematic analysis and removal of constraints; exclusive use of EWI in short-term
planning; corrective actions based on causes of non-compliance; and communication and
teamwork. Results of the correlation analyses are presented in Table 3.

Table 3: Correlation between LPS components and PPC.

Criteria Pearson

Coefficient
Standardisation of the planning and control process 0,5
Standardisation of short-term planning meetings 0,4
Participation of the last planners in planning and decision-making meeting 0,6
Use of indicators to assess compliance with planning 0,1
Critical analysis of information 0,1
Visual information management 0,4
Correct definition of work packages 0,0
Using an easy-to-understand and transparent master plan 0,2
Phase Planning 0,1
Standardisation of intermediate planning 0,7
Systematic analysis and removal of constrains 0,5
Using an Executable Work Inventory (EWI) 0,4
Exclusive use of EWI in short-term planning 0,8
Planning and control of physical work flows 0,4
Corrective actions based on causes of non-compliance 0,7
Communication and teamwork 0,7
General level of implementation 0,7

Then the average level of implementation was calculated for each component and the
projects were separated into a group composed only of projects below average for a
specific criterion and a group of projects above average. Then the average PPC of each
group was calculated for each of the 7 components that resulted correlated to the PPC and
for the general level of implementation. Results, which are presented in Table 4, allow us
to observe PPC differences between the projects below and above average in each
component.

3.3 Conjoint analysis of results

First, it was possible to conclude that projects with IT support have a higher general level
of implementation of LPS, which is also correlated to the PPC. This means that the use of
IT can potentially help projects improve their weekly accomplishment of commitments. In
addition, two of the components significantly correlated to the PPC were also significantly
improved by the use of the IT software. These components are the Standardisation of the
planning and control process as well as the analysis and systematic removal of constraints.
Hence, it can be inferred that the use of IT support for LPS implementations implies the
adoption of practices that result in better accomplishment of short-term plans.
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Table 4: PPC difference in projects above and below average level of
implementation of significantly correlated components.

Criteria PPC of projects PPC of projects Percentage
above average  below average  difference
level of level of

implementation implementation

Standardisation of the planning and

71% 66% 5%
control process
Participation of the last planners in
planning and decision-making 71% 65% 6%
meeting
Standardisati f int diat
andardisation of intermediate 799% 65% 7%
planning
Systemati lysi 1 of
ystematic analysis .and removal o 71% 64% 7%
constrains
C ti ti b
orrective actions as.ed on causes 73% 65% 8%
of non-compliance
Communication and teamwork 72% 63% 9%
Exclusi f EWI in short-t
xclusive use o W in short-term 73% 60% 13%
planning
Average 74% 64% 10%

4 CONCLUSIONS

In first place, if IT systems are used to support LPS, greater implementation standards
are achieved globally, and specifically in the following elements: standardisation of the
planning and control process; use of indicators to assess compliance with planning; critical
analysis of information; using an easy-to-understand and transparent master plan; and
analysis and systematic removal of constraints. Secondly, the degree of LPS
implementation is positively correlated with the PPC, specifically for the following
components: standardisation of the planning and control process; participation of the last
planners in LPS meetings; standardisation of intermediate planning; systematic analysis
and removal of constraints; exclusive use of EWI; corrective actions based on CNCs; as
well as communication and teamwork.

When we link the results of the analyses performed, we can distinguish two critical
components: standardisation of the planning and control process and the systematic
analysis and removal of constraints. Standardization is only achieved by improving
communication, analysis and knowledge management. Hence, IT systems must focus not
only on operational matters but have a systemic approach to LPS implementation. Finally,
work preparation can also be improved by the facilitation of communication and
information management through continual development of IT tools.
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INTEGRATION OF LEAN AND INFORMATION
TECHNOLOGY TO ENABLE A CUSTOMIZATION
STRATEGY IN AFFORDABLE HOUSING

Eder Martinezl, Iris D. Tommeleinz, and Ariana Alvear

Abstract: Affordable housing developers in Latin America would benefit from moving
away from mass housing construction and expanding the variety of choice they offer
to their customers in order to create greater customer satisfaction. Admittedly,
offering variety poses operational challenges that may increase cost and extend
construction time, so the challenge is for developers to find the means to deliver
variety without significantly affecting housing affordability. Firms outside of the
construction industry have made long-term investments to integrate Lean thinking
and Information Technology (IT) into production systems aiming to deliver variety
with efficiency. However, such investments may be hard to replicate in the
construction industry, in which investment in process innovation and technology
tends to be limited. This paper presents the experience of an Ecuadorian developer
who integrated Lean and IT to support a customization strategy in affordable housing
delivery. The developer faced several operational challenges as a result of allowing
customers to select different features of housing units. The authors describe such
challenges and present the development of a novel IT tool to enable Lean construction
delivery. The evaluation demonstrates that Lean with IT integration improved
internal communication enabling a faster response to meet customer choices.

Keywords: Lean construction, affordable housing, information technology, housing
customization, Latin America.

1 INTRODUCTION

Mass housing construction (MHC) is the prevailing approach to deliver affordable housing
in Latin America (Rodriguez 2006). MHC allows developers to reduce construction costs
and thus their sales price, thereby facilitating low-income households the purchase
housing. Nevertheless, extreme standardization along with poor design and inadequate
location of mass-developments result in socio-economic problems such as overcrowding
and segregation (Rodriguez and Sugranyes 2005; Baena and Olaya 2013). In fact, a
comprehensive study of the Inter-American Development Bank recommends developers
in the Latin American region to deviate from extreme standardization and expand the
choice offering in affordable housing delivery. Developers should therefore deepen their
understanding of market needs and align their production processes accordingly (Bouillon
2012, p. 175). The implementation of customization strategies for affordable housing
delivery may serve this purpose (Tillmann and Formoso 2008). However, as the level of
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choice increases, developers face operational challenges that raise costs and extend
construction time (Nahmens and Bindroo 2011). Expanding the level of choice while
keeping housing prices affordable implies the use of production systems able to tackle
operational challenges stemming from customization without significantly increasing
production costs.

In order to address the operational challenges of delivering variety, several industries
have leveraged the use of IT when implementing Lean processes in their production
systems. According to Kotha (1996), firms succeeding with this approach have made long-
term investments in manufacturing technologies, IT, and human resources. Such long-
term thinking may be hard to replicate in the housing context, especially when considering
that the construction industry invests little in process innovation and technology (Egan
1998, p. 7). In fact, Anduijar-Montoya et al. (2015) identify the lack of investment in IT to
support processes as the main barrier for housing customization. This issue is exacerbated
in Latin America since most developers in the region use outdated construction techniques
and technology (CEPAL 1996; Torres and Torres 2009).

This paper describes the experience of an Ecuadorian affordable housing developer
implementing Lean to support a customization strategy. Allowing customers to select
some features of housing units resulted in several operational challenges. At the planning
stage, the Developer experienced difficulties in responding efficiently to customer-specific
requirements. To address those challenges, the Developer invested in the creation of an IT
tool. This paper describes the challenges faced by the Developer and the development and
implementation of an IT tool intended to address them.

2 RESEARCH METHODOLOGY

The authors used Action Research (AR) to conduct their study. AR is a social research
methodology that combines theory generation with changing the social system through
the researchers' intervention. AR has been identified as a proactive research method to
address challenges in the Construction Engineering and Management field (Azhar et al.
2010) and when Lean Construction theory is the subject of study (Jang et al. 2011). The
authors helped to diagnose challenges of the Developer's production system. They
contributed to the creation of an IT tool, aimed to address those challenges, and then
evaluated its implementation. The authors documented the development and
implementation of the IT tool in order to identify the learnings of this experience.

3 LEAN AND IT FOR HOUSING CUSTOMIZATION

From the perspective of an affordable housing developer, it is not economically feasible to
design every house according to each individual customer' preferences. Numerous
preferences increase the complexity of design and make the production process complex
to manage. Correspondingly, developers favor traditional manufacturing techniques to
keep cost at bay, exploiting repetition and economies of scale (Ofori 2012). From a
customer perspective, customization provides higher value since the housing product
tulfills personal preferences (Nahmens 2007). This results in a dilemma for developers. On
the one hand, they do not want to sacrifice productivity by deviating from traditional
models. On the other hand, they still want to deliver increased variety to expand their
market reach and potentially satisty a broader range of customers (Nahmens and Mullens
2009). Consequently, the operational challenge is to deliver customized housing without
significantly sacrificing efficiency and profit.
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In customization strategies, the degree of customer involvement typically defines the
complexity of the production system. In MHC, housing design is based on market research
and units are built-to-stock with practically no customer involvement during design or
construction. In contrast, developers offering customization should be able to manage
customer input in the production system (Barlow et al. 2003). In practice, variant customer
inputs related to housing configurations (e.g., the number of rooms or colors) must be
captured at the sales point and communicated in a timely fashion to production units for
construction (Ozaki 2003). The amount of information increases as the level of choice
expands which increases complexity. The integration of Lean processes and IT in
production systems may enable developers to handle such information, thus allowing
faster reaction to changing customer requirements (Riezebos and Klingenberg 2009). It
may also serve as a valuable source of shared information in the supply chain, thus
allowing the organization to reduce lead times (Ward and Zhou 2006). Toyota is able to
produce over a million vehicle variations, including different colors, trims, and body styles
(Johnson and Bréms 2000, p. 80). The company integrates IT to support Lean processes,
for example by using "e-Kanbans" to enhance communication with suppliers (Kotani 2007).
Lean can be complemented by IT implementation to increase the overall efficiency of the
production system.

4 PROJECT CONTEXT

The Developer is a private company, building over 10,000 affordable housing units in
Duran, Ecuador. This paper focuses on the first phase of the project, corresponding to 700
housing units. Instead of building standard units, the Developer allows customers to select
certain housing features. The Developer wants to allow (low-income and other)
households to select the housing models which better fit their needs and budget.
Nevertheless, such approach causes operational challenges. The Developer has to find the
means to produce different housing configurations efficiently in order to maintain
competitiveness in terms of cost and delivery time.

4.1 Housing Configuration

Table 1 depicts the level of customization offered to customers. Customers start their
configuration selection based on nine pre-defined housing models and the number of
bedrooms. Then they select the type of interior and exterior finishes, some add-ons (i.e.,
balconies), the phase of the project and the location of the housing unit within the block.
To avoid inefficiencies in building housing units in a scattered fashion, the Developer
subdivided the project site (around 180,000 m?) into phases linked to different delivery
dates. Accordingly, selection of a location is restricted to sub-areas within the phase. The
housing configuration mix results in 49 housing variations. The grey cells in Table 1
exemplify the selection of the "Hermosa" model with two bedrooms and basic finishes,
located in one of the corners of block 1D.
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Table 1: Housing configuration

Housing Model Hermosa Esplendida Linda|Bonita Divina Bella|Grandiosa Preciosa Magnifica

Number of bedrooms 1 2 3 4

Int.erlor and exterior Basic M edium Premiun

finishes

Project stage 1 2 3 4 5 6 7 8 9
Block 1A 1B 1C 1D 2A 2B 2C 3A 3B
Location within Intermedium Corner

block

4.2 Practical Challenges

The Developer faced several challenges capturing and communicating housing
configuration data (Table 1) to the construction team, and developed a process (Figure 1)to
do manage them. The sales team consolidates housing configurations and communicates
them to the planning team using an Excel report. The planning and construction teams
analyze the data and define the most appropriate construction workflow given the housing
configuration mix. The teams use a printed version of the latest site plan to map out the
different housing configurations in order to have a visual representation of the workflow
and to define the schedule accordingly. This information is then used in the field for
construction.

Planning process
ﬁ Housing Consolidate M'_S Exr‘:el
(‘/‘5 configuration information Ebe
~—__
o
£ : . Site plan Interpret data
E (PO E;e:t Se (printed paper) » and plan Scl;edl{le and
Ko} workflow (IR
o 'y
c
Ke]
©
g Input for Review Construction
J planning Schedule
o
O

Figure 1: Planning process

The process seems to be straightforward but it has several flaws. First, the fast-paced
construction method used in the project allows for construction of 2 houses per day. Given
the variety in housing configurations, it is very difficult to process daily changes required
in the field without incurring any mistakes. Second, every time customers change their
selection (e.g., order cancellation, or change in the model, type of finishes, or location), the
planning and construction teams have to re-do the process to adjust the construction
schedule. Third, the planning and construction teams do not have real-time access to
housing configurations. In practice, they work with outdated information until the sales
department releases an updated Excel report. Unquestionably, the planning process was
complicated and time-consuming. Manual data processing of new orders and adjustment
of existing ones took up to two days. The response time of the production system was
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extended due to the manual effort required to process and communicate housing
configurations. Consequently, the Developer wanted to automate the steps shown in grey
in the process (Figure 1) by implementing an IT tool called Interactive Plan (IP). The
envisioned IP would help sales agents capture customer orders and plot them in a project
plan allowing the construction team to access sales data in real time.

5 INTERACTIVE PLAN (IP)
5.1 IP Architecture

The IP system is built on IDempiere, an open source Enterprise Resource Planning (ERP)
platform. IDempiere is based on JAVA and can be operated in a physical or virtual
infrastructure making it accessible through the internet with no need of local software
installation (BMLaurus 2015). In IP, housing configuration data is captured at the sales
point and sent to the IDempiere database. The data is then translated into color/shape
codes and plotted in a site plan which creates an interactive plan accessible in real time.
Housing configuration data in the IDempiere database is mapped out on the site plan by
overlapping two layers of information through JAVA code. Figure 2 outlines the system
code. Layer 1 corresponds to a high definition picture of the site plan, where every lot
location is assigned unique (X, Y) coordinates.

Java Code

£
&
iz,
i

A

-_ —»
IDempiere Layer 1 and 2
Database Layer 1 X Layer2 X Interactive Plan

Figure 2: Schematic representation of JAVA code for Interactive Plan

Layer 2 is programmed to translate housing configurations into color/shape codes using
the same (X, Y) locations defined in layer 1. In simple terms, layer 2 acts as a transparent
slide containing color/shape codes according to housing models selected by customers.
Since both layers have the same (X, Y) coordinates, the overlap of the two layers of
information generates IP in the IDempiere environment showing the housing
configurations anchored to locations in a visual way.

5.2 User Interface

IP can be consulted in real time over the internet. Every time the company receives a
customer order, that order is promptly captured and depicted in the system. IP also
captures changes in customer orders. Figure 3 shows the user interface. The right side
depicts customer selections anchored to the housing unit's corresponding location on the
site plan. The left side shows the color/shapes legend that allows users to filter the
information. For instance, a user may want to analyze information for a specific delivery
date or to verify the locations of specific housing configurations. In addition, IP can be
zoomed in or out to a specific project area users want to see on the screen. Moreover, users
can access further information (e.g., order date, customer name, transaction cost) by
clicking the color/shape codes.
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Figure 3: Interactive Plan user interface

5.3 Results

Reduced lead time. IP allowed the developer to automate several steps in the process of
capturing and communicating housing configuration data (grey steps in Figure 1). This
automation improves the process by allowing the planning and construction teams to have
instant access to the necessary information to start construction.

Improved communication. IP processes and depicts housing configuration data in a
visual and interactive way which facilitates internal communication.

Shared information. IP offers shared information. In addition to housing configuration
locations, IP contains other type of data (e.g., transaction dates and customer information)
that serves other departments in the organization.

5.4 [P Limitations and Further Development

The feedback provided by users helped identify limitations of IP as well as aspects where
it can be improved and further developed. First, the current version of the IP only allows
exporting of information in a JPG file. The JPG file has several limitations in terms of
compatibility with other software commonly used in the construction industry. This
situation limits the use of IP for other purposes. For example, exporting IP in a DWG file
could help the design team update the project design according to final housing
configurations (e.g., as-built drawings). Second, the software is not able to receive inputs
directly in the IP interface (Figure 3). IP allows data input only in IDempiere, limiting its
use for other purposes. For example, the construction team may want to input information
about construction progress to use in project control.

6 CONCLUSIONS

This paper presented the creation and implementation of Interactive Plan (IP), a novel IT
tool that supports Lean process delivery of variety in affordable housing in on a project in
Latin America.
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The implementation of IP improved the process of capturing and communicating
housing configuration data in several ways. First, manual efforts are minimized by the
automation of the transition reports from the sales team to the planning and construction
teams. This automation reduces lead time and the likelihood of mistakes from processing
information. Second, IP processes housing configuration data and depicts it in a visual way,
which eases internal cross-department communication within the organization. Third, IP
offers shared information not only for construction, but also for administrative purposes
such as purchase dates, transactions, and cost. In alignment with Lean thinking, IP also
serves as a tool for continuous improvement. The IP database allows the Developer to
learn about customer preferences and improve their customization strategy for the
following stages of the project. For instance, the Developer may consider discontinuing
housing configurations ranked at the bottom of sales. Similarly, the IP database may
provide the Developer with valuable information about the housing features that
customers prefer. In future stages, the Developer can focus on such aspects in order to
provide the customer with enhanced value in affordable housing provision.
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DEVELOPMENT OF SYSTEMATIC CONSTRUCTION
LOGISTICS USING ‘INTELLIGENT PRODUCTS’

Saeed Mirzaeifarl, Bhargav Davez, and Vishal Singh3

Abstract: A cost-effective transfer of materials and tools from supplier location to
construction site along with efficient information flow is defined as systematic
construction logistics. Development of appropriate IT mechanisms plays an essential
role for simplified production planning and elimination of wastes from broken
resource. The contribution of this study in construction supply chain is to design and
develop an innovative logistics management framework using context-aware and
autonomous product centric system. More specifically, the proposed framework is
responsive to real-world circumstances by demonstration of autonomous behaviour,
and support several lean principles to improve resource and information flows. This
paper addresses (i) an innovative solution for overcoming the construction logistics
information flow challenges based on the intelligent product concept, (ii) a
requirement analysis phase using “Quality Function Deployment” to turn the product
requirements into technical specifications and (iii) implementation of a logistics
management framework prototype to develop a first proof-of-concept.

Keywords: Lean construction, computing, mixed reality, template, instructions.

1 INTRODUCTION

Construction logistics is a set of activities, including strategic management of procurement,
delivery, storage of parts and materials as well as relevant information flows through
different agents. Efficient construction logistics maximizes the current and future profit
using effective fulfilment of the requirements (Wegelius-Lehtonen, 2001). On the other
hand, several studies pointed out problems related to inefficient materials handling,
inappropriate delivery schedule and shortcomings of interactions between suppliers and
clients due to highly fragmented supply chain (Ying et al., Agapiou et al., 1998; Dave et
al., 2015). In the same vein, another study pinpointed important reasons of on-site
inefficiencies, which caused problems in decision making on buffers, off-site production
and delivery planning (Azambuja and O'brian, 2009).

The literature on construction as an assembly operation emphasizes the vital role of
efficient information sharing in the supply chain (Koskela, 1999; London and Kenley, 2001;
Shakantuet al., 2003). One potential for resolving the significant problems of the
construction supply chain is to introduce ‘intelligent products’ into the information
management system (Dave et al., 2015). Utilizing intelligent products, the sequence and
control logic of the production can be attached to individual construction assemblies and
components from the design phase. The authors of this paper propose a technical and
practical solution which enables the construction components to carry life cycle
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information from their inception to construction and maintenance. To this end, this paper
is continued by a review of existing problems through current approaches of logistics
management. The next section discusses the proposed solution and the major high level
enabling technologies. In the fourth section, a requirement analysis using QFD is
performed in order to translate system functional requirements into technical
specifications for the implementation of a logistics management system. Finally, the
method and materials for the prototype are then explained after which conclusions are
drawn.

2 CURRENT APPROACHES IN CONSTRUCTION LOGISTICS

Logistics management essentially is recognized as the management of both
information and materials flows through supply chain with a high level of customer
satisfaction. A potential reason for ineffective logistics management is the fragmented
nature of the construction industry logistics and challenges in data integration and
compilation (Sargent, 1991). In traditional construction practice, there was an information
gap between resource management and workflow (Arbulu et al., 2005). Subsequently, the
planning team organized all schedules related to operations, workers and tools with the
assumption that all facilities and materials for installation are available.

A study by Jang et al (2003) noted the importance of five main parameters on project
managers" satisfaction of construction logistics such as contractor's organization, material
and information flow. Moreover, this study highlighted the necessity of construction
logistics software and technical improvement. Last Planner System (LPS) developed by
Ballard (2000) partially tackled the variability and “flow” aspects of construction problems
by providing a detailed construction planning and control workflow. However, Dave et al,
(2015) pointed out that such systems have relatively long “look-ahead” responsive
planning to construction requirements where daily or even hourly control is needed.

Product tracking technologies such as radio frequency identification (RFID), global
positioning system (GPS) and ultra-wideband have been applied in construction logistics.
However, implementation of such technologies has been deployed in the limited levels
(Young et al, 2011) and implementation of integrated technologies within construction
supply networks is still needed. Present logistics management systems with localized
information system are capable to serve a specific amount of requirements. Nevertheless,
they are not adequate due to requested changes and updates in design and manufacturing
which can result in incorrect specifications and receipt of wrong components on site
(Cutting-Decelle et al, 2007). In the next section, a potential solution will be proposed
which can help to overcome the aforementioned gaps in construction logistics
management.

3 POTENTIAL SOLUTION — LOGISTICS BASED ON PRODUCT CENTRIC
CONTROL

Nowadays, products with unique identification and integrated control instructions are
being developed for simplification of seamless information flow, material handling and
customization throughout the supply chain (Karkkainen & Holmstrom, 2002). Dave et al.
(2015) noted that intelligent products have contextual operative logic linked within
individual components already from design phase and they are able to support whole
lifecycle from design to construction and maintenance. The derived advantages of
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intelligent products such as autonomous behaviour and responsiveness to real-world
circumstances can considerably reduce the need for planning and organization, improve
inventory management and finally improve product quality and project performance
(Musa et al, 2014).

The basic principle of product centric control is to embed the products and process
related information, which is necessary for construction project actors’ communication
across supply chain, within products themselves. Consequently, the individual component
and assemblies within intelligent product are capable to carry the required sequence and
instruction of construction project with themselves from design phase along the entire
lifecycle. In other words, the intelligent construction components should be aware of the
next operation schedules. Therefore, a construction product itself would request a delivery
service from the supplier or manufacturer whenever it is ready to be delivered to the
construction site. As the product is shipped to the site, it should provide the information
about its location in inventory site and then inform the specific worker to install the
product based on planned time schedule. From the logistics point of view, such scenario is
completely implementable using the intelligent products capabilities in the information
flow between different project agents. To this end, it should be investigated what
technologies are required for implementation of intelligent products.

Internet of Things (IoT), Building Information Modelling (BIM) and Lean construction
techniques are the main enabling technologies for implementation of intelligent products
(Dave et al., 2015). Through IoT communication framework, an infrastructure where the
product’s information can be exchanged between organizational agents and individual
products is provided. BIM plays a vital role in the reduction of planning redundancy and
raising engineering efficiency with capability of storing virtual and multidisciplinary
information about products (Said & El-Rayes, 2014). Lean construction is considered as
the alignment and holistic following of simultaneous and continuous improvement in all
dimensions of construction stages (Abdelhamid & Salem, 2005). Systematic logistics
system based on intelligent products operates on lean construction technique such as “pull”
based production to maximize value across supply chain and reduce waste from lifecycle
stages by providing materials in construction site when and only when it is needed.

4 MATERIALS AND METHODS FOR DEVELOPMENT PHASE

The aim of this research is to develop a framework for a ‘logistics management system
utilizing intelligent products’ to track individual materials and components from their
inception, assembly and installation across construction stages. In the previous section,
some of the main enabling technologies were discussed. In this section, the materials, tools
and methodologies for such development are investigated to better understanding of the
technological and scientific perspectives of the proposed solution.

4.1 QUALITY FUNCTION DEPLOYMENT

During an efficient product design, a designer or design team should identify the end-user
expectations accurately. Quality Function Deployment (QFD) is a systematic approach to
identify customer requirements for design a product or service considering all stakeholders
involved in the production and supply chain process (Esan et al., 2013). The QFD approach
taken in this research is adapted from (Kubler et al, 2010) and contains two levels of matrix
evaluation namely “house of quality” in order to translate high-level requirements into
scientific and technological specifications as indicated in Figure 1.
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Figure 1: Two level QFD matrices (House of Quality)

A functional analysis is performed to extract product requirements by investigating
existing literature such as (Dave et al,, 2015; Said & El-Rayes, 2013; Said & El-Rayes, 2014)
and interviewing Aalto Bim Lab’ researchers. Subsequently, the extracted and prioritized
requirements by AHP (Analytic Hierarchy Process) method are prepared for QFD input.
Moreover, the QFD weights are assessed and consensed among the Aalto BIM Lab
researchers especially the authors of this paper. However, it is intended to collect the real
customer requirements from the industry partner's key personnel in further studies.

In level one, the collected requirements (What) are listed in rows with their initial
priorities using AHP method (from low priority 1 to high priority 5) and technical
descriptors (How) are placed in the columns of this matrix. The relationship matrix is
developed then between What-How, as shown in Figure 2. The column indicators of
matrix present the information about the relative influence of a single technical descriptor
on all requirements and row indicators shows the relative effects of technical descriptors
on single requirements.
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Figure 2: First level of QFD matrix

4 http://bim.aalto.fi/
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Through second level of QFD, the previous approach should be reiterated between the
technical descriptors (How) of first matrix and specifications of logistics management
system placed in columns. In this manner, the quality is ensured by constraints spreading
since the technical descriptors of the first level matrix become the What for level two
matrix as illustrated in Figure 3. The aim of interrelationship half-matrix development is
to identify areas which some specifications can conflict with others and some of them can
enforce other processes. The second level matrix is highlighting the technical
specifications for functional requirements fulfilment. The results out of column indicators
of second level matrix show that the specifications “Open IoT messaging communication
framework”, “3D Web technologies”, “Distributed Architecture” and “IFC standard
compliant” are respectively the most important. Consequently, a logistics management
system prototype is developed in order to validate the pertinence of the achieved results
from requirement analysis.
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Figure 3: Second level of QFD matrix

4.2 Implementation of prototype

To implement the prioritized technical specifications, agile software development is
selected which can deliver the system prototype faster and more organized. A simple
prototype scenario begins with assigning the IFC model URI to physical product through
NFC writing from product inception. However NFC and RFID are different in term of
communication technology and bandwidth, the identification can be performed because
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of its ease of use and install at this stage of study. This action enables the products to carry
the information about themselves through their lifecycle and a link is created between the
IFC model and individual products.

The agents are responsible to provide traceability of products through their
manufacturing, supply chain and installation. Moreover, the products are able themselves
to activate actions such as “delivery requests” and “worker call” based on the BIM model
design and communication protocols. A high-level architecture of overall system is then
identified to facilitate better understanding of different modules of the system as depicted
in Figure 4. Server consists of a web server, which is publicly accessible through the
internet and communicates via HTTP protocol and messaging interfaces (O-MI and O-DF)
with web client and agents. It also contains the “Authentication Interface” to control either
the authentication of incoming requests and user permissions to access the services. Valid
requests then can be handled by “Service Interface” to be provided with corresponding
responses upon the type of request. The basic implementation of server is utilizing
BIMServer (Beetz et al, 2010), which is an open source software, in order to facilitate
Parsing and storing IFC files in database.

Web Client

Ajax
Request/Response

JavaScript/
HTML

Server

Agent

[APICall ] [LoginActivity]

Fragment Manager

Read URI
Product Connection|

Figure 4. High level architecture of overall logistics management system

Web client is product and process dashboard developed for managers and end users to
retrieve and manipulate all the information related to project plan and progress, product
details and instructions for installation. The product dashboard within the web client
contains all information about selected product in 3D model including product ID with all
previously recorded and recent location information. In addition, all registered agents
information such as ID and location are available in this part of the web client.

The objective of an agent is to transmit information i.e. location and ID between
product and server. In this study, the agent is developed on Android OS with access to
NFC device in order to ease the portability and hardware development limitations. The
basic workflow of an agent can be summarized in agent registration, authentication,
assignment of URI to products NFC and retrieving product information. From the
technical viewpoint, agent consists of APIs to communicate to the server for handling the
requests and User Interfaces which are handled by fragments. Figure 5 illustrates a few
sketches from developed logistics management system prototype.
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Figure 5: Logistics management system prototype sketches

5 CONCLUSIONS

The current approach of logistics management through construction supply chain has
significant information flow problems which are rarely addressed in literature. Moreover,
companies hesitate to invest in development of logistics management automation since
they think that the added value cannot cover the budget for investment. There have been
attempts to eliminate information gap across construction life cycle by providing
heterogeneous solutions in individual areas of design management and production.
However, the lack of integrated information system can be observed through entire
construction projects. The developed solution based on intelligent product concept
attempts to tackle the aforementioned problems by a detailed functional analysis to
implement a system with a high level of acceptance. The system prototype was
implemented according to the results of QFD method which prioritized the requirements
and technical specifications of proposed solution. However, there is a need to implement
all specifications of the system in further studies.
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BIM AND AGENT-BASED MODEL INTEGRATION FOR
CONSTRUCTION MANAGEMENT OPTIMIZATION

.. . .1 . .2 - .3
Francesco Livio Rossini’, Gabriele Novembri®, and Antonio Fioravanti

Abstract: The current necessity of manage complexity in the field of building process
management push to provide process' figures of construction methodologies and tools
capable to support them in a proficient way. With the scope to define in advance the
places occupied by workers to accomplish a task, is defined a methodology and related
tools to integrate Building Information Modeling (BIM) with an Agent-Based
simulation of workers activities. The goal is to know at early project phases where it
is possible to work in a more effective and safer way, how it is possible to be more
efficient placing in the same working space different working phases and when it is
possible to allow the continuity of building operations. The outcome of the system is
predicting how much resources are involved in a project, identifying and minimizing
wasted time.

Keywords: BIM, Project and Construction Management, Lean construction, Agent-
Based Simulation.

1 INTRODUCTION

The industry of A/E/C is characterised by a huge complexity that has multifaceted
aspects, due to the variety of new materials, design solutions and the need to respect
pressing timetables and narrow budgets. This ever-growing complexity, furthermore, is
less manageable when, i.e. during refurbishments, in the same building construction
workers and building users are present, with the sake to ensure the continuity of building
use.

Moreover, is difficult to manage users and workers by means of the usual Building
Codes or 'rules of thumb', expressed in handbooks - even if digital - as we were in the XIX
century. Nowadays, with the introduction and the progressive spreading of the
engineering approach, it is time to deal with new and old complexities.

During the last decades, the development of Information and Communication
Technologies (ICT) allowed the simplification of building process management thanks to
the automation of reasoning tasks, for instance ‘clash detections’ and ‘rule checking’
(Solihin and Eastman, 2015).

Evidently, these improvements provided designers of useful tools able to predict the
effects of their choices and, consequently, to avoid as possible mistakes and
misunderstandings, which are important complementary causes of construction delay,
unexpected costs and possible injuries during the working-phases.
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The paper’s aim is to describe a use of the Artificial Intelligence (Al) technique of
Agents-based simulation with the sake to support choices in construction management, in
order to prevent risks like the overlapping of activities, wasted time, under-used spaces
and resources and, consequently, improve productivity of construction sites allowing,
where required, the continuity of building use.

Nowadays Information Modeling methodologies shown great potential in A/E/C field,
contributing designers in the management of the complexity of large quantity of
information, allowing also the automatic identification of conflicts, mainly geometrical
(Singh et al., 2011). At the same time, they have not shown clear capabilities in associating
building entities and their assigned resources with their construction methods, required
materials, execution time and generated interferences.

The support that these tools provide in architectural design, and the need to move
toward the simplification of the overall project organization model construction from the
initial stages of design, could suggest appropriate choices of production techniques,
optimizing required construction time and mitigating risks.

However, Building Information Modeling (BIM) and integration of project
management tool is difficult to realize by means of scheduling traditional techniques like
Program Evaluation and Review Technique (PERT) and the quite-similar Critical Path
Method (CPM) techniques; it requires, conversely, an explicit representation of
management and assessment to:

e  Working team behaviours on the construction site;
e Space required for the execution of the work to be carried out;

e Number and type of the resources involved.

Thus, techniques based on Location-Based Structure (LBS) are more suitable to develop
such a different approach (Kenley and Seppanen, 2009).

Location is very important in AEC as it is linked to main characteristic of a building
whether used space for construction-related activities. In this paper is described how
automatically define a single 'location’ called <Room> in a BIM environment via a specific
application. Term ‘location’ means the space required by a working-team to reach its goal.

2 STATE OF THE ART

2.1 BIM (Building Information Modeling) and simulation in construction
management field

There are different definitions of BIM, coined by the first generation involved in this
tield (Eastman et al., 2011) but, for the purpose of this paper, we consider the 'Building
SMART" alliance definition (2012), that describes BIM as a ‘digital representation of
physical and functional characteristics of a facility’. As such, it serves as a shared
knowledge resource for information about a facility forming a reliable basis for decisions
during its lifecycle from inception onward.

A basic premise of BIM is collaboration of different stakeholders at different lifecycle
phases of a facility to insert, extract, update or modify information in the BIM to support
and reflect the roles of actors involved.

This defines how this methodology acquire essential information to manage a
construction site. In fact, interventions on existing buildings have as first requirement
knowing the starting-point situation.
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Thus, a BIM model can contain appropriate information for construction like the
property of materials used in construction, potential risks or details that can improve the
level of the working-area conditions awareness and, consequently, safety conditions.

However, uncertainty in existing building data cannot be avoided unless a complete
field inspection is undertaken, and there is still a risk of human error. Three approaches
may be used to manage the uncertainty of data in a BIM model: (1) verification, (2)
acceptance or (3) avoidance.

These are determined individually - for example if a subset of equipment was field-
located and 50% were found exactly as indicated on the available drawings, they would be
50% certain — and only elements with a minimum certainty are modelled. Third, data
below this certainty level (which may be 99%+ for some organizations) is omitted from the
model.

This final option is the least expensive but may severely limit the model functionality
(McArthur, 2015).

Finally, BIM is a promising digital methodology to collect and represent information,
but lacks of technique, methods and related tools capable to predict the feasibility, time
and costs related to a construction process.

In the other hand, this promising methodology show lacks toward the construction
management sector: as a matter of fact, the most widespread software for construction
specialists (i.e. Navisworks, Trimble Vico, Synchro etc.) are very useful to set the timing
of activities, to verify clashes in a BIM model or quantify - in an appropriate way - the
related costs. However, a lack of these tools is in the domain of the prediction of choices
result: indeed, the current software work on the base of data provided by the implicit
knowledge of designer, and rely only on the expertise of specialists involved.

To overtake these limits, several researches introduced techniques of artificial
intelligence on building construction field, like multi-agents. These technique indeed allow
to link process management with stochastic approach (Taillandier et al, 2015), using
discrete evaluation by means of simulation of each risk involved in a project. Furthermore,
was also developed methodologies to plan automatically the construction site with genetic
algorithm for optimization of the safer paths in the site, based on BIM models (S. S. Kumar
and J. C. P. Cheng, 2015). In addition, was explored other fields of artificial intelligence
like ontology (R.J. Scherer and S. E. Schapke, 2011) and semantic web technology (L. Y.
Ding et al., 2016). Eventually, to increase the precision of simulation results, other studies
focused on the hybrid simulation approach, proposed to facilitate integration of safety
management consideration into construction activity simulation by means of System
Dynamics (SD), Discrete Event Simulation (DES) and Agent Based Simulation (ABS). This
system, evidently, seems to be the best approach to solve the problem of predicting the
more appropriate choices to take into account during construction (Goh Y., M.,and Askar
Ali, M., A., 2015) but, considering the overlapping of heavy dimension of computations
needed by these methods, is viable only on limited cases.

To exceed this gap, in this research is proposed to link Agent-Based simulation to BIM
environment, via an application that, in the BIM environment, specify the space needed to
complete an activity. The aim is to analyse the risks related to specific phases in their
specific context, predicting how many time an activity concretely requires.

2.2 ABM (Agent-Based Modeling) in architectural construction sites

Building is a complex activity. Nevertheless, this complexity is the sum of simple issues,
which are often solved by small worker-teams or, in many cases, by single worker. For
this reason, agent-based modeling is very near to the real phenomenon, and can model
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accurately the interaction among them and between agents and the context given, in this
case, by the related BIM model.

Furthermore, in ABM the ontological correspondence between the computer agents in
the model and in the real world actors makes it easy and evident to represent actors and
the environment and their relationship (Gilbert, 2008), working also on different levels of
abstraction, starting from the lower ‘reactive’ level, to an higher ‘proactive’ level
(Novembri et al., 2015).

The project construction management is a realm very near to the ABM method
capabilities, because this field involves cross-disciplinary problems like social and human
aspects, and both spatial and temporal interactions among different participating teams
(Liang, 2012). On the other hand, current BIM and Construction Management tools
provide embedded agents-inference engine: these tools are able to represent the working
phase duration (4D) or costs (5D) only if the designer sets data following his implicit
knowledge. Indeed, the method here described allows the solution of a part of the general
problem. This application, in effect, provide managers to know how much space is needed
to workers to reach their goals by automatic reasoning given by agents’ inference.

3 THE IMPACT OF BIM AND ABM IN A LEAN CONSTRUCTION
PROCESS: APPLICATIVE METHODOLOGY

3.1 Modelling agents to interact with building construction issues: brief
program framework

To describe agent-based program operation and to give an actual example of it, a small
Windows Presentation Foundation (WPF) in C# language with more updated pattern of
parallelization with the aim of enhancing concurrency among agents. In this prototype the
thread elimination is only a visual omission, because the thread continues computing
operation in background.

More precisely, when a dimensional input given in a BIM environment is defined, the
interaction among several agents begin, characterized by different rules, behavior and,
substantially, goals (Castelfranchi and Falcone, 1998).

Thus, the aim is the optimization of spaces where the working-phases are located
during the global operation of the building, avoiding inhibitions of its social function.

Agents are located in a workspace that have specific requirement and constraints:
when all agents find a satisfying condition, the solution is given.

Specifically, every agent geometrically modifies this working-space and, when the
modifications required by agents are not in collision among them, the final boundary is
defined. During simulations, we demonstrated (fig. 1) that areas defined by simulation tool
is considerably smaller than areas forecasted by the construction site planner.

Since these processes happen in parallel mode, the conclusion of a method stops other
agents modifying the state of starting instance, until the next iterative cycle starts.

Every execution, therefore, produces similar but different results; it is not possible,
effectively, to control the thread priority and execution speed because memory access is
exclusively random: we conceptually can compare this selection process to the
spermatozoa trip toward the ovum.

Thus, the agent that modifies the possible space occupied by the workers is the first
that ends the entire optimization that satisfies all other agents' requirements. Note that
this is not the only possible solution as it depends on agents' initial configuration.
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5 MainWindow

Fig. 1: Identification of an effective-working area.For an important but simple
activity in the building construction field e.g. painting, we have to model several
agents such as scaffolding, painters, suppliers etc. After the interaction among
these intelligent entities, starting from a forecasted larger area (green), we could
work in the red-bounded area in a more efficient way, allowing the use of other
spaces for different activities.

As a matter of fact, an agent intervening early in the first cycle, will not necessary
arrive first in the second one, as the whole cycle is random; this randomness is addressed
exclusively to the prior interest to solve the problem in the most effective way, without

privileging any agent.

3.2 Modelling agents to interact with building construction issues: the
first-programming phase

<Window x:Class="TestRoomAgents.MainWindow™
xmlns="http://schemas.microsoft.com/winfx/20e6/xaml/presentation”
xmlns:x="http://schemas.microsoft.com/winfx/2ee6/xaml"
xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
xmlns:mc="http://schemas.openxmlformats.org/markup-
compatibility/2ee6"
xmlns:local="clr-namespace: TestRoomagents™
mc:Ignorable="d"
Title="MainWwindow" Height="5@@" Width="8@@">
<Grid>
<Grid.ColumnDefinitions>
<ColumnDefinition wWidth="6*" />
<ColumnDefinition wWidth="4*" />
</Grid.ColumnDefinitions>
<Canvas Grid.column="e" Xx:Name="canvas"
MouseDown="canvas_MouseDown" Background="Antiquewhite” IsEnabled="True" />
<Grid Grid.Column="1" Margin="10">
<Grid.RowDefinitions>
<RowDefinition Height="Auto" />
<RowDefinition Height="%*" />
<RowDefinition Height="Auto" />
</Grid.RowDefinitions>
<TextBlock Grid.Row="0" TextWrapping="Wrap">
Per iniziare, fare click con il mouse nel settore a sinistra
per disegnare il primo vertice della stanza da letto.
Disegnare quindi il vertice opposto facendo click. Quando
saranno stati disegni entrambi i vertici, gli agenti verranno avviati.
</TextBlock>
<Scrollviewer Grid.Row="1" Margin="© 10 @ @">
<StackPanel x:Name="stackpanel”></StackPanel>
</scrollviewer>
<Border Background="WhiteSmoke" Grid.Row="2">
<TextBlock x:Name="Info" FontStyle="Italic">passa sopra una
forma per saperne di piu...</TextBlock>
</Border>
</Grid>
</Grid>
</Window>
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For the sake of allowing a coherent graphic representation of the algorithm, the
application was encapsulated in a traditional Windows ™ visualization. The "base-class"
is the one that describes the space vertex, or rather the "class descriptive element", allows
the method to calculate the Euclidean parameters.

The "Room-constructor class", conversely, has the task to foresee the other two missing
vertices necessary to represent the process (the other two vertices of the rectangle are
assigned in the previous method). The <Draw> method, allows to design the instance in
the Canvas previously defined. <SetAsLast()> high-lights the instance border, while
<SetAsBase()> re-freshes the current state. The <Area> and <Form-Factor> properties
define the surface dimensions and the related form-factor, set up as an important
parameter to give working area reliable dimensions. To finish the first phase, we have to
set up the WPF control, in which several application will be visualized. The proposed
framework shows the principal graphical interface of the application. The pink surface,
the Canvas, is the area where the <Room> is located.

3.3 Agent execution logic

To describe the base-structure of an agent we defined an interface that, when
implemented, allows to agents to define a name, a block-function and a worker-function.

In our case, we have not implemented the block-functions, and the worker function
requires access in a Room (the working-area) and the output of a new Room.

Finally, the program produce an object and requires the restitution of a new instance
of the same object type. For these agents, the implementation required is <nullable> type.
The <null> type, in effect, will be used in agreement of current norms to warn the agent
about a completed work, or rather in a compatible state. In this way, we optimize the
program interface.

3.4 Agents management and parallelization

To manage the parallelization process, then the sending and reception of data, we used
Task Parallel Library (TPL) dataflow, which extends the namespace. <System.Thread>
with several functions, turned toward data-oriented programming: a de-tailed
documentation about this topic is provided by the Microsoft web-library, while the whole
package is available on Nuget, because it is not included in the NET framework (Microsoft,
2017).

The Scheduler class manage the access to four public functions that can be used by the
User Interface (Ul) with the aim to receive notices about the agents’ state.
<SyncronizedAgent> will memorize information about agents, which has the
synchronization priority because entered the process firstly.

<AgentLastReturnedStatus> contains information about the output of single agents,
<WorkingRoom> is the currently synchronized <Room>.

<AgentsDictionary> contains the <TransformBlock> obtained by <Reflection> process.
The definition of auxiliary class is shown at the top of the next page.

To allow an effective operation of the agents’ systems, initialization function is
required and, essentially, upload the starting room — in this case the pre-defined working
area — and, through the reflection mode, produces all the agents defined.

The agent broadcast has to run in a synchronous way, and includes a sort of logical re-
verification of results, fundamental in this experiment. <PostAndReceive> is the key-
function: its task is data checking.

116 | Proceedings IGLC | July 2017 | Heraklion, Greece



Francesco Livio Rossini, Gabriele Novembri, and Antonio Fioravanti

entArgs

-+ public-class-ReactEv

-virtual-object-Result-{-get;-private-set;-}9
-RectStatus-Status-{-get;-private-set;-}9

public-ReactEventArgs(object-Result, -Recistatus-Status)g

9
-+ this.Result-=-Result;9
-+ this.Status-=-Status;9

blic
e
blic

L T A A )

public-enum-RectStatusy
{9

-+ Wrong,9
- 0k,9

-+ 0OkConfirmed9
- 1
Finally, the enrolment of the WPF events is as follows: the graphic interface file is to
completed with the <CoreBehind> capable to connect itself with the agent-based system,
in addition to the definition of areas. The code task is simply to enrol the several statistic
events involved in the <Scheduler> and provide a graphical output to be visualized in the
stock panel.

3.5 Linking ABM application and BIM

The application developed is conceived to link the geometrical result of the iteration
among intelligent agents with the “BIM-world” via the API (Advanced Programming
Interface).

The dataset provided by the BIM, in this case represented by the in-stances “surface”,
define the agents’ interaction: they react to events generated every time the surface
analyzed is modified. In summary, instances are classified through their <Unique_ID> and
their geometrical data are imported into the Canvas (fig. 1); Here, the program identifies
geometrical values and starts its computation, until the optimized working surface is
obtained.

Furthermore, when an object is modified, the system updates data in order to avoid
inconsistency within the BIM model. However, the interaction mode varies as a function
of the type of interaction. Any request made via the BIM interface is immediately
forwarded to the combined ABM application, and then the BIM awaits the completion of
the task: in this case, a synchronous mode of interaction is established. Otherwise, when
the ABM application needs to interact with the BIM world, a request will be show in the
alert palette, waiting for the project manager validation.

I R ]

IR )

4 CONCLUSIONS

The research started investigating the lacks of current construction management
process and tools. The result is the identification of the wasted working areas and the lack
of tools to predict the occupancy of area in construction site. After that, a leaner way to
allocate resources in the construction site is individuated in the use of LBM (Location-
Based Management).

Furthermore, a key-concept to optimization is collaboration, and the BIM methodology
helps process actor in sharing information about material and drawings. Therefore, to
increase the effectivity of process using reliable data, an Agent-Based simulation was
linked to the BIM model, that represents the topology of these agents

Finally, the optimized area is defined by means of an Agent-Based Simulation, defining
the area that a working-crew effectively need to accomplish the assigned task. The next
step will be the lean management of these areas, with the scope to warrant the higher rate
possible of occupancy in order to maximize the contractor's productivity.
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IT FOR LEAN CONSTRUCTION - A SURVEY IN INDIA

Jyoti Singh', Mohit Mangal® and Jack C.P. Cheng™

Abstract: Construction is a complex and challenging process consisting of various
kinds of waste resulting in client dissatisfaction, cost and time overrun. Waste is
defined as a non-value adding component which uses project resources and efforts
without achieving any objective. Factors leading to waste in construction are termed
as "causes of waste". Current construction practices are unable to eliminate these
"causes of waste" due to limited use of technology. This paper presents an IT based
methodology to eliminate various "causes of waste" to support lean construction and
thereby making the construction process efficient. A questionnaire survey was
carried out to investigate major "causes of waste" in the Indian construction industry.
30 major "causes of waste" were identified in the design process, construction
planning and site management process, and mal-administration. Literature review
helped us identify 13 available IT applications for lean construction. This study aims
to link the identified IT applications with relevant "causes of waste" through the
developed relationship matrix to mitigate waste causing activities. It was observed
that 23 out of the 30 identified major "causes of waste" can be eliminated from 13
identified IT applications.

Keywords: Lean Construction, Information Technology, Survey

1 INTRODUCTION

The construction industry plays an important role in the development and economic
growth of any country. It is a complex and challenging process consisting of various kinds
of waste resulting in cost and time overrun, client dissatisfaction, etc.

Waste is defined as a non-value adding component which uses project resources and
efforts but does not achieve any objective of the project. Factors leading to waste in
construction projects can be termed as "causes of waste". Current construction practices
are unable to eliminate these "causes of waste" efficiently due to limited use of information
technology (IT) in the construction industry. Hence, there is a need to address and manage
the "causes of waste" in an integrated manner to achieve project success in terms of cost,
time and satisfaction to clients.

Lean is a philosophy that seeks to eliminate waste in all aspects of production activities
in an organization (Womack et al., 1991). It has a very extensive collection of tools and
concepts, such as value stream mapping which permits systematic view of value flow
process (Pasqualini and Zawislak, 2005), integrated project delivery (IPD) which
encourages communication and collaboration among participants (Suttie et al., 2013), last
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planner system (LPS) which adds value through structuring the planning and ensuring
proper flow process (Ballard and Howell, 2003), etc.

Besides various lean tools, I'T applications can also help to facilitate lean approach by
allowing information flow and storage during the construction process, thereby
eliminating various wastes during construction. Implementation of IT in lean construction
increases the efficiency of construction projects up to 20% (Rischmoller and Alarcén, 2005).

Use of IT applications in the construction industry helps to mitigate many "causes of
waste" through better connectivity and interoperability. IT helps in easy exchange of data
and information between project participants on a regular basis to avoid waste of time and
resources. However, as a few information technologies have been advanced at a fast pace,
several IT applications have not yet been fully and widely used to support lean
construction.

This paper presents an IT based methodology to eliminate various "causes of waste"
to support lean construction and thereby making the construction process more efficient.
A questionnaire survey was carried out to investigate major "causes of waste" in the Indian
construction industry, as the industry is currently blooming with huge potential of waste
reduction due to limited use of IT and lean methods in construction practices. Various IT
applications currently used in the construction industry are identified via the literature
review. The identified IT applications are then linked with relevant "causes of waste"
through the developed relationship matrix to mitigate potential waste causing activities.

2 QUESTIONNAIRE SURVEY IN INDIA

A questionnaire survey was carried out for the Indian construction industry to find major
"causes of waste" in the construction field. The questionnaire was prepared according to
the findings of the literature review on "causes of waste". A total of 45 "causes of waste"
were selected for the survey. The objective was to find the dominant "causes of waste"
generally observed in the construction industry and rank them as per their frequency of
occurrence on the construction site. Responses were collected on a five-level Likert scale,
which is a common approach to scale responses in survey research, representing the
frequency of occurring "causes of waste" according to the respondent.

The questionnaire was sent to the field experts by email or in person. 140
questionnaires were sent in total and 46 responses were received, consisting of 29
contractors, 7 consultants, 4 suppliers, and 6 designers. The work experience of the
respondents is shown in Figure 1. It can be seen that the majority of respondents have

more than five years of work experience in the construction industry.
6% (3)

15% (7)
46% (21)
33% (15 x
< 4
7 Less than 5 years v 5-10years
10 - 20 years = More than 20

Figure 1: Industry work experience of the survey respondents

No importance was given to 15 "causes of waste" by all the respondents out of total 45
"causes of waste" selected for the survey. The remaining 30 "causes of waste" was recorded
for further analysis.
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The collected responses were analysed using Cronbach's alpha test and Relative
Importance Index method (RII). The questionnaire survey comprised of different "causes
of waste". Therefore, Cronbach’s alpha test was performed to check the internal
consistency (reliability) of "causes of waste" before further analysis. A Cronbach’s alpha
value of 0.911 is resulted, showing the strong correlation among the "causes of waste" and
thus, "causes of waste" data were reliable for further analysis. RII was then used to rank
the "causes of waste" by calculating the weighted average using the formula as given:

Wn
RIl= 25775
where, Wn = weights given by the respondent on the Likert scale of 1 to 5
N = number of respondents
A = the highest weight assigned, (5 in the current case)

Table 1: RII and rank of the "causes of waste" identified in survey

Rank/No. Attributes RII Identified Group
1 Unnecessary work 0.821 I
2 Rework 0.815 I
3 Poor planning and co-ordination of resources 0.785 I
4 Lack of proper supervision 0.769 I
5 Poor communication among team members 0.764 I
6 Waiting time 0.749 I
7 Lack of transparency 0.749 I
8 Inadequate time given for planning and design 0.744 I
stage
9 Design changes by clients 0.744 I
10 Lack of team work and co-ordination between 0.718 I
parties

11 Insufficient quality 0.718 I
12 Improper documentation of design data 0.692 I
13 Excessive inventory 0.692 I
14 Use of old techniques 0.687 I
15 Lack of experienced staff 0.687 I
16 Lack of training programs 0.687 I
17 Lack of past project review 0.682 I
18 Lack of skilled manpower 0.672 I
19 Choice of wrong construction methods 0.667 II
20 Lack of risk management plans 0.662 I
21 Poor safety 0.656 I
22 Human error 0.656 I
23 Bureaucracy & red tape 0.631 I
24 Delay in approval 0.626 I
25 Inferior working conditions 0.621 I
26 Inefficiency of equipment 0.621 I
27 Excessive processing 0.615 I
28 Changes made by regulatory authority 0.605 I
29 Unnecessary movement 0.590 I
30 Scrape waste 0.585 11

Note: (I) = Design management waste, (II) = Construction planning & site management waste, and (III) =
Mal-administration.

Ranking for the selected 30 major "causes of waste" was then carried out as per their
RII response factor, as given in Table 1. The selected 30 "causes of waste" were also
categorized using factor analysis. Three categories were identified to group all the selected
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30 "causes of waste". Table 1 shows all selected 30 "causes of waste" categorised as (I)
design management waste, (II) construction planning & site management waste, and (III)
mal-administration. As shown in Table 1, the most common waste in the Indian
construction as per the field experts mainly follow the category (II) construction planning
& site management waste.

3 IT BASED APPROACHES

Based on literature review, some commonly used IT applications in the construction
industry with their benefits are summarized as follows:

¢ (A) Building Information Modelling (BIM) /Virtual Design and Construction (VDC)
- Both BIM and VDC share similar characteristics. BIM/VDC helps to improve the
efficiency of the design phase, reduce the time taken and quantity take off and
increase the percentage planned-complete by a considerable amount. It also
increases reliability and visibility through 3D/4D virtual models (Knotten and
Svalestuen, 2014).

e (B) Cloud Computing - Cloud computing enables rapid visualization of demand
and supply data and helps in instant tracking of construction material status in the
supply chain. It also helps in merging and synchronizing multiple sources of
information for better communication among various stakeholders (Azambuja et
al., 2013).

¢ (C) Common Data Environment (CDE) - CDE helps to collect, manage, share
information and disseminate all relevant documents among various stakeholders
(PAS 1192-2, 2013).

e (D) Data Mining - Data mining helps to extract repeated and useful patterns from
a large data set to predict the outcome of future events (Danilevsky et al., 2014).

e (E) Geographical Information System (GIS) - GIS provides access to asset data
within reasonable time for site feasibility analysis, and efficient use of equipment
(Maisuria, 2013)

e (F) GPS Support System - GPS helps in tracking the whereabouts of fleet of assets
in order to reduce lead-time at work sites with improved delivery and customer
satisfaction (Simonsson and Carlsward, 2005).

e (G) On-Site Vision Tracking - Using closed circuit television (CCTV) effective
positioning of personnel in construction sites, activity sequence analysis,
enhancing pull flow mechanism, better localization of tools and material, detection
of conflicts, visualization of waste and safety on site as well as adequate flow of

information throughout the construction process can be supported (Brilakis et al.,
2008).

¢ (H) Radio Frequency Identification (RFID) - RFID provides real-time information
of assets, improves visibility and traceability, enhance safety and security of
workers, and reduce resource wastage (Lu et al., 2011).

e (I) Robots - Robots provide better productivity under extreme conditions with a
high degree of precision, speed of execution, safety, and security (Warszawski,
1986).
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(J) Simulation - Simulation helps to model uncertainties pertaining to timing,
resource assignment, quantity, and flow path. It also helps to examine dynamic
system behaviour of the construction process to identify critical disturbances
(Gehbauer et al., 2007).

e (K) Tablets and Mobiles - Tablets and Mobiles allow exchange and visualization of
real time information of work performance, thereby eliminating waste and
pursuing perfection in construction work flow. Fast information flow at low cost,
efficient and effective communication, easy monitoring and control on
construction progress, and reduced deviation from planned output can be
supported (Barbosa et al., 2013).

e (L) Virtual Reality (VR) and Augmented Reality (AR) - VR creates a real-world
experience for the end consumer, therefore saving time in developing a prototype
and avoid design changes at a later stage. AR streamlines the interaction process
for designers, engineers, and builders for fast and better design analysis. It also
provides an exact idea of relevant dimensions, size, and shape (Webster et al., 1996)

e (M) Web-Based Information System - web based system can reduce processing
time, increase RFI transparency, and improve connectivity among all the team
members. They can also, enhance flow reliability, provide the right information at
the right moment, and enable better planning and control in construction project
(Chin, 2010).

4 RELATIONSHIP MAPPING MATRIX

A relationship matrix was used for linking the identified "causes of waste" with available
IT applications. It provides the guidelines and direction for mitigating "causes of waste"
with the mapped IT applications. Mapping was done by linking the results from the
literature review on IT applications as per the benefits it provides to eliminate "causes of
waste".

| @& rep |
1
Benefits offered

I Real time visibility I I Quality Control I I safety and security I

| | |

Eliminated "causes of waste"

(13) 3)
Excess Inventory (11)
Poor planning and Insufficient quality (21) Poor safety

coordination of
resources

Figure 2: Mapping the benefits of RFID with the "causes of waste eliminated

The Table 2 and Figure 3 below shows the benefits of RFID and those of tablets &
mobiles mapped with "causes of waste" it can eliminate, respectively. Similarly, other IT
applications were mapped with the identified "causes of waste", as illustrated in Table 2.

It was observed that 23 out of 30 “causes of waste” can be eliminated with the 13
identified IT applications. The remaining seven “causes of waste” are in the category of
mal-administration. Hence, they require management attention and change in various
management policies instead.
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Rank/No. | Attributes | IT applications
(Il) Mal-administration
7 Lack of transparency (A) BIM/VDC; (B) Cloud computing; (C) CDE; (E) GIS; (F)
GPS; (G) On-Site vision tracking; (J) Simulation; (L) VR and AR;
(M) Web-based information system,
10 Lack of team work and Co- | (A) BIM/VDC; (B) Cloud computing; (C) CDE; (L) VR and AR;
ordination between parties (M) Web-based information system
15 Lack of experienced staff
16 Lack of training programs
20 Lack of risk management (A) BIM/ VDC; (D) Data Mining; (J) Simulation; (L) VR and AR
plans
21 Poor safety (G) On-Site vision tracking; (H) RFID; (I) Robots,
23 Bureaucracy & red tape
28 Changes made by regulatory
authority
Rank/No. | Attributes | IT applications
(I) Design Management Waste
8 Inadequate time given for (A) BIM/VDC; (L) VR and AR; (M) Web-based information
planning and design stage system
9 Design changes by client (A) BIM/VDC; (M) Web-based information system
12 Improper documentation of | (A) BIM/VDC; (C) CDE; (L) VR and AR; (M) Web-based
design data information system
17 Lack of past project review | (D) Data mining; (M) Web-based information system
24 Delay in drawing approval (A) BIM/VDC; (C) CDE; (M) Web-based information system
(II) Construction Planning & Site Management Waste
1 Unnecessary work (A) BIM/VDC; (G) On-Site vision tracking; (I) Robots; (J)
Simulation; (L) VR and AR
2 Rework (A) BIM/VDC; (L) VR and AR
3 Poor planning and co- (A) BIM/VDC; (B) Cloud computing; (C) CDE; (E) GIS; (F) GPS;
ordination of resources (G) On-Site vision tracking; (H) RFID; (J) Simulation; (K)
Tablets and mobiles; (M) Web-based information system
4 Lack of proper supervision (A) BIM/VDC; (B) Cloud computing; (F) GPS; (G) On-Site vision
tracking; (J) Simulation; (L) VR and AR; (M) Web-based
information system
5 Poor communication among | (A) BIM/VDC; (B) Cloud computing; (C) CDE; (K) Tablets and
team members mobiles; (L) VR and AR; (M) Web-based information system
6 Waiting time (A) BIM/VDC; (B) Cloud computing; (F) GPS; (G) On-Site vision
tracking; (I) Robots; (J) Simulation; (K) Tablets and mobiles
11 Insufficient quality (H) RFID
13 Excessive inventory (B) Cloud computing; (F) GPS; (G) On-Site vision tracking; (H)
RFID
14 Use of old techniques
18 Lack of skilled manpower (I) Robots
19 Choice of wrong (A) BIM/VDC; (L) VR and AR
construction methods
22 Human error (B) Cloud computing; (G) On-Site vision tracking; (I) Robot
25 Inferior working conditions | (G) On-Site vision tracking
26 Inefficiency of equipment (G) On-Site vision tracking
27 Excessive processing (I) Robots
29 Unnecessary movement
30 Scrap Waste (G) On-Site vision tracking; (J) Simulation

Table 2: Relationship matrix for IT applications and "causes of waste"
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(K) Tablets & Mobiles

Benefits offered

Real time and fast information flow Easy monitoring and control

Eliminated "causes of waste"

(5) ® Poor communication among team members
(3) ® Poor planning and coordination of resources

(6) * Waiting time

Figure 3: Mapping the benefits of tablets & mobiles with the "causes of waste
eliminated

5 CONCLUSIONS AND FUTURE WORK

Past case studies and observations from various construction sites have identified 30 major
"causes of waste" in the Indian construction industry. As per questionnaire survey, major
"causes of waste" can be categorised into (I) design management related waste, (II)
construction planning & site management related waste, and (III) mal-administration.

13 relevant IT applications satisfying lean perspective were identified through
literature review. It was found that 23 out of the 30 major "causes of waste" can be
effectively eliminated through the 13 identified IT applications. The remaining seven
“cause of waste” require management intervention for their mitigation. Although the
questionnaire survey was carried out in India, results are still valid globally due to similar
nature of construction processes all over the world.

As per the developed relationship matrix, it was found that the use of IT such as BIM
and web-based information systems in construction processes from cradle to gate can
effectively share various important information system among the participants and can
reduce most of the “causes of waste” with ease. The on-site vision tracking system also
helps in reducing site management waste.

The developed relationship matrix is based on the inputs of many experts and provides
a good solution to mitigate the common “causes of waste” on construction sites. However,
a study is required in the future to develop in-depth knowledge about the interaction of
identified “causes of waste” with each other.
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LEAN PRODUCTION CONTROLLING AND TRACKING
USING DIGITAL METHODS

Jakob von Heyl1 and Jochen Teizer®

Abstract: Lean construction projects are understood as temporary production systems
that eliminate waste, allow collaboration and optimize structures of the value added
chain. Remaining crucial challenges in construction are the coordination of the
involved trades and the tracking of construction progress. Current research in Lean
Construction Management (LCM) targets automated digital methods that support
work package planning and make inferences about states of progress. The scope of
the presented work focuses on closing the feedback loop of lean construction planning,
progress tracking, and status control by using 4D information from Building
Information Modeling (BIM) as well as Internet-of-Things (IoT) technology for
reporting actual progress.

Keywords: Production Planning and Control, Last Planner System, Takt Planning and
Takt Control, Information Management, Building Information Modeling, Information
and Communication Technologies, Automated Progress Tracking.

1 INTRODUCTION

Lean principles are based on several preceding economy of scale production approaches,
originating from the ship building, aviation, and car manufacturing industries. Two
prominent examples are Taylorism and Fordism. After the Second World War, Toyota
adapted the ideas of Taylorism, Fordism and several other approaches, such as Total
Quality Management (TQM), to a flexible production system with several products and
variable batch sizes. A set of different principles, methods, and tools that reduce buffers,
set-times and waste were consolidated in the Toyota Production System (TPS) (Womack
et al. 1990). The term lean was coined by Krafcik in 1988, who described the advances in
productivity of the Japanese automotive industry in comparison with western
manufacturers (Krafcik 1988). His research was continued by Womack, Jones and Roos at
the MIT in Boston, who identified a large productivity gap between Japanese and western
car manufacturers and suppliers (Womack et al. 1990). Many attempts by western
manufacturers to copy specific TPS-tools failed. Therefore the main ideas were abstracted
and bundled in the Lean Management Theory (Drew et al. 2004). Specific solutions can be
derived from that theory for any industry or company.

The adaption of Lean Management to the construction industry was first examined by
Koskela in 1992. He developed the TVE-Theory, saying that construction can be described
with the transformation of resources and the creation of Value and Flow of materials and
people. (Koskela 1992). Ever since then, several lean production control methods have been
developed for the construction sector.
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Ph.D., Dipl-Ing., Chair of Computing in Civil Engineering, Ruhr-University Bochum, Germany,
jochen.teizer@rub.de.

127 | Proceedings IGLC | July 2017 | Heraklion, Greece



Lean Production Controlling and Progress Tracking Using Digital Methods

2 LEAN PRODUCTION PLANNING AND CONTROL METHODS
Two prominent Production Control Methods (LPS and TPTC) are explored:
2.1.1 Last Planner System (LPS)

The Last Planner is the project participant accountable for the execution and control of
operative tasks. The Last Planner System (LPS) is a method to manage the tasks in the
design or construction phase of a project. The main idea is to shield near-term work via a
network of commitments in order to improve reliability and workflow, resulting in an
improved adherence to schedules and productivity (Ballard and Howell 1994). LPS leads
to a decentralization of management tasks and promotes cooperative work. Working areas,
tasks, and schedules are planned by a team consisting of the affected project participants.
This improves commitment and solution orientated teamwork. LPS consists of four phases
aimed to develop more detailed plans as the project moves on (Koskela et al. 2010) (see

Figure 1).
Feedback (PPC)

|
Phase Planning Look ahead Planning ) Weekly Work Planning

Figure 1: Phases of LPS

LPS is a method to successively identify, prepare and execute required working steps. After
a general set-up, work is getting pulled and made ready for execution while becoming
more precise and detailed. The supply chain is getting permanently adjusted. According
to Ballard and Howell three categories of constraints have to be considered (Ballard and
Howell 2003):

1. Directives: Information required for execution (e.g., design documents)
2. Prerequisite work: Work needed to be completed before the start of specific tasks.

3. Resources: Labour, equipment and space required for the execution.

In comparison with traditional Methods, like the Critical Path Method (CPM), LPS
focuses on reduced variability. This indirectly leads to improved productivity rates,
reduced durations, and resource consumption. A disadvantage of LPS is the missing
reflection of the current status of the construction site on higher planning levels (Koskela
et al. 2010).

Furthermore, LPS is a bottom-up management approach based on cooperative work
packaging and commitments. Activities are constantly getting prepared for execution by
the responsible project participants. In order to prepare work for execution, related
constraints have to be identified and removed. Therefore LPS relies heavily on correct
information to assess work progress and the use of resources.

2.1.2 Takt Planning and Takt Control (TPTC)

“Takt” is a German word that can be translated as pulse, cycle time or work cycle. It is
also referred to rhythm or cadence, as it describes something is done regularly and on time.
Takt-time is used to schedule production and supply times (Frandson et al. 2013). The first
known use of Takt-times dates back to the 16th century, when merchant ships and
warships were produced in Venice using a Takt. With the industrial revolution Takt was
becoming a part of many production approaches, such as Fordism or Toyota Production
System (TPS) (Haghsheno et al. 2016).
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Takt is mostly used in repetitive construction processes. This criterion is particularly
met by linear infrastructure projects, e.g. the construction of bridges, tunnels, roads or
railways (Haghsheno et al. 2016). The structure and manufacturing processes determine
the size of the working area, the required effort and working steps as well as the
productivity rates. These are the input variables for the calculation of the Takt-time in
order to achieve a consistent production speed. Prefabricated elements, which are often
used in infrastructure projects (e.g., bridge elements or tunnel lining elements), facilitate
the determination of suitable segments and the calculation of working times.

The use of Takt in the construction industry is nowadays strongly intertwined with
the method Takt Planning and Takt Control (TPTC), which has been developed in
Germany in the middle of the last decade. TPTC has been applied in numerous
construction projects since then (Haghsheno et al. 2016). The preparation of a Takt-based
production is done in two main steps, the process analysis and the Takt-planning. Each of
the two steps can be further differentiated in three steps (Frandson et al. 2013). The
outcome is a production plan including time and space. The compliance with the
production plan is checked constantly during the next step, known as Takt Control (see
Figure 2). The working packages are highly interdependent. Therefore a permanent
control and update of the production plan is required in order to deal with potential
changes and disruptions. To ensure production stability, current developments are
monitored and necessary adjustments are made immediately in regular meetings
(Haghsheno et al. 2016, Kenley and Seppénen 2010).

Process Analysis Takt Planning Takt Control

Substeps: Substeps: Requirements:
- Gather information - Balance the workflow - Monitor production continuously
- Define work stations - Understand the individual trade - Plan adjustments near real-time
- Understand the trade sequence durations Tool:
- Plan production - Use Takt control board

Figure 2: Procedure of Takt Planning and Takt Control

Takt-planning is top-down approach and requires reliable plans and a deep
understanding of the structure, the construction process, as well as the supply chain. There
is a high demand for correct and up-to-date information in order to constantly adjust the
production plan. When these requirements are met Takt-planning becomes a powerful
method to increase the stability and reliability of the production. Disadvantages arise in
reacting to unexpected events as the method lacks flexibility. The higher the number of
alternations or modifications, the less it is suitable.

2.1.3 Comparison

LPS and TPTC work differently but are both aiming to achieve a continuous flow and
improve project understanding due to the visualization of the tasks, processes and
dependencies. Both methodologies have in common that they require a continuous
monitoring of the production and a functioning information and communication
management system. The differences are that TPTC is a rather rigid top-down method
requiring a stable supply chain and little variability. LPS is a more agile bottom-up
approach focusing on mutual agreement between the project participants. Main
differences of the two approaches are depicted in Table 1.
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Table 1: Comparison of LPS and TPTC

Criteria LPS TPTC
Management Direction Bottom-up Top-down
Collaboration High Low — Medium
Spatial link Low — Medium High
System-Stability High High, when little variability
System-Flexibility High Low

Pending on the project conditions, one method can be more suitable than the other.
Recent research suggests that LPS and TPTC can be implemented together, using Takt
Planning to optimize the allocation of materials and resources to specific work site
locations and using LPS for production controlling (Emdanat et al. 2016, Frandson et al.
2014). In addition features of other Production Planning and Control (PPC) methods, like
LBMS, CCPM, and EVA, can be integrated:

e LBMS provides spatial elements and forecasting capabilities (Dave et al. 2016).

e Critical Chain Project Management (CCPM) enables a systematic removal of
constraints (Koskela et al. 2010).

e Earned Value Analysis (EVA) offers a general controlling approach over all phases
and integrates data for forecasting functions (Turkan et al. 2013).
The authors propose that a set of different methodologies and technologies should be
combined to leverage the known advantages for each project depending on the goals and
character. The suitability and possible combinations is an important research topic of the
tuture. The combined use of different methodologies emphasizes the need for a functioning
information management to ensure a correct exchange of information.

2.2 Information Management

Information management is key to the successful implementation of production
controlling methods. A constant and reliable flow of information to assess work progress,
constraints and productivity is required. The main data types are: planned data, actual
data and forecast data (Berner et al. 2015). The data is collected on a regular basis. The
loop times for feedback (e.g., weekly) are chosen in regard to the project phase or method
applied (see Figure 3).

Planning

> Planned Data ﬂ Forecast Data

‘ Execution

Figure 3: Control loop

2.2.1 Planned Data

The design documents or task assignments contain the planned data. The planned data is
more accurate the closer it gets to execution. In early project phases planned data is being
specified on top-level containing general information about working packages, budget and
schedules, e.g. milestones. The information is consolidated in master plans. Over the
course of the project more information is available, thus planned data becomes more
detailed and accurate (e.g., weekly work plan or Takt plan).
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2.2.2 Actual Data

Actual data is collected during execution. An improved production management with fast
reaction times requires reduced cycle times for the collection of actual data (Emdanat et
al. 2016). Actual data is needed to assess the performance and contains information about
quantities, labour hours, costs or execution times. It provides feedback to identify
necessary adaptations and improves the preparation of working order. Key Performance
Indicators (KPIs) facilitate the identification of shortcomings. They are calculated using
actual data. Each method is using individual KPIs (e.g., Percent of Scheduled Assignments
(PAP) or Percent Planned Complete (PPC) as part of LPS). While the collection of actual
data is a prerequisite for the calculation of the different KPIs, the initial emphasis of this
research is on tracking the completion of tasks.

2.2.3 Forecast Data

The task of forecasting is usually assigned to the most experienced construction managers,
who often go with their gut feeling instead of using systematic forecasting methodologies.
This might be satisfying in small projects, but projects with higher complexity require a
more profound approach. Plausible forecasts can be calculated using up-to-date planned
data and actual data, e.g. Estimate at Completion (EAC) using EVA (Turkan et al. 2013)
or forecasts generated with LBMS (Dave et al. 2016).

2.3 Limitations

Studies show that there is a limited reflection of the current status of the construction site
in the master or phase planning if LPS or TPTC are not sufficiently integrating suitable
controlling and tracking functions from other methodologies. There is a need to compile
and integrate tracking and forecasting information as feedback and input for fruitful look-
ahead or Takt planning sessions (Dave et al. 2016). This is prerequisite for a successful
identification, preparation and execution of single working steps.

The collection of actual data is a crucial step towards informed management systems
and serves as a prerequisite for further successful production planning and controlling.
Current progress on projects is often compiled manually which is very time consuming
and prone to human error. It leads to overall lower product quality and decreases the
chances for successful risk mitigation.

3 DIGITAL PROGRESS TRACKING

Construction research has been increasingly focusing on discovering synergies between
the adoption of lean practices and information and sensing technologies (Navon 2007).
The use of information and communication technologies (ICT) are in particular beneficial
to lean practices when they improve the flow of construction processes by identifying non-
value adding activities that can be eliminated. Other examples are cycle-times that can be
shortened, rework, variation and errors that can be omitted (Sacks et al. 2010).

Lean management and the adaption of technology is not new to construction. Several
practical field applications exist, for example, Radio Frequency Identification (RFID) for
pipe spool tracking (Song et al. 2006), Global Navigation Satellite System (GNSS) for earth
hauling operations (Pradhananga and Teizer 2013), and wireless Real-time Location
Sensing (RTLS) for tracking repetitive travel patterns of workers (Cheng et al. 2013). As
outlined by Sacks et al. (2010) and Cheng et al. (2010), much stronger ties between Lean,
BIM, and tracking technology are needed. Formalization of work-in-progress based on
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point cloud sensing (Bosché et al. 2013) and vision (Han et al. 2015) approaches are
emerging, but yet require large manual input and make it impractical.

While digital transformation remains an ongoing challenge in construction and in
research, central data storage and planning with BIM can be considered state-of-the-art.
The focus of the proposed concept (see Figure 3) is on tightening Lean and BIM methods
by supplying actual data via automated tracking and reporting technology. These enable
rather than reduce the capacity of construction personnel by making high fidelity
information available that previously has neither been recorded nor analysed. The
continuous and rapid availability of up-to-date field data contributes to facilitating higher
task quality, quantity reporting, on-time project delivery, and safe value creation processes.

Task. MOk‘J”e _ i.e., task completed,
Instructions device quantity, quality?
Time
?OS'tlon’ sie: Actual Data
) " ( ..
Trade n n ﬂ Construction ~ Construction
| g u u Site Management
/7~ [aald b
Precise Space o0 u. Results: o
Allocation (-} -] [} i.e., progress, safety I
I/
/
B @ 3 Cloud P /
= platfom / Consolidated

Planned
Data

T ba / actual data &
forecast data

Planning

Construction Schedule

i

Process Building Information Model Topology
Figure 3: System detecting planned and as-is data, i.e. construction schedule (start, end),
dependencies, quantities of tasks, and visualization.

4 PRELIMINARY RESULTS

The proposed approach uses nD-BIM for planning the topology (i.e., work station/location)
of resource-loaded processes (i.e., name, dependencies, quantity, cost, required resources),
and links geometric information to an automatically derived construction schedule (i.e.,
duration, quantity, trade). An Internet-of-Things (IoT) platform relying on wireless
location tracking and reporting technology (e.g., Bluetooth Low Energy (BLE) sensors,
mobile devices and a cloud database make the information of directives, prerequisite work,
and resources available to authorized users.

To that extent, the authors enable the collection of relevant data with IoT-functional
equipment, store the data in an IoT-platform and connect it to a BIM system to seamlessly
integrate real-time data. In a use-case the authors tested the lightweight infrastructure
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solution for indoor tracking of personnel. A further test automated the process of time
recording. Combining the traceability of the personnel’s location and timestamp enabled
the IoT/BIM-platform to collect and visualize actual performance data (desktop screenshot
in Figure 4). More tests in realistic construction settings are planned.

= n
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Fiéﬁrt; 4: BLE-beacon positions in BIM (left) and real-time presence of workers (right)

5 CONCLUSION

Methods including Lean Construction Management (LCM) and BIM alongside with
progress detection and tracking technology have the potential to assist construction
personal in some of their challenging work tasks: (a) planning with reliable high fidelity
actual information, and (b) detecting and tracking progress based on the presence of trades
or on activity completion. A needs statement led to the proposed concept that integrates
the three categories of constraints (directives, prerequisite work, and resources). Although
preliminary experiments utilizing an IoT-platform show early, but promising results, more
extensive testing in field realistic work environments is required to validate the selected
approach.
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ASSESSING THE IMPACT OF LEAN METHODS IN
MINING DEVELOPMENT PROJECTS

Cristébal Baladrén' and Luis F. Alarcén®

Abstract: One of the main challenges that developing countries face is the need to
increase productivity. In Chile, the most important productivity gap in both mining
and construction industries is the lack of operational efficiency, caused mainly by the
low adoption of advance management methods. Hence, considering the need to
increase productivity through operational efficiency, lean production emerges as a
management system with the objective to create value while eliminating waste, and
continuously seek operational excellence. This research evaluates the impacts of the
implementation of lean methods in an underground mining development project in
the execution phase, which will help to better understand to what extent these
methodologies can affect the performance of this type of projects. This research
indicates that the implementation of lean methods in an underground mining
development project had a statistical significant improvement of the mean for all
indicators studied. Likewise, the implementation produced a statistically significant
reduction of the variability for some indicators; moreover, there is a considerable
reduction in the coefficient of variation (CV), which indicates more stable processes.
In addition, this research demonstrates that there is a statistically significant
correlation between the percent of plan completed and its coefficient of variation.

Keywords: lean construction, lean mining, mining development project, percent of
plan completed (PPC), variability.

1 INTRODUCTION

One of the main challenges that face developing countries is the need to increase
productivity, since it is proven that productivity is the factor that better explains the
difference of Gross Domestic Product per capita between countries. Out of all of the
industries in Chile, mining has the highest relative productivity rate, reaching 68% of the
productivity of Australian mining companies. Regarding construction in Chile, this
productive sector has a relative productivity of 38% compared with the same industry in
the United States (McKinsey and Company 2013).

Given this scenario, there are significant productivity gaps that need to be addressed
in order to increase the country’s competitiveness. When identifying these gaps,
operational efficiency is considered to have the most potential to improve in both the
mining and construction industries: it could raise relative productivity in mining and
construction by 27% and 32%, respectively. The main causes of low operational efficiency
are low adoption of advance management methods, low level of standardization of
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planning processes, fragmentation of the phases of the projects, lack of training for
workers and sub-optimal organization of work (McKinsey and Company 2013).

2 BACKGROUND

Considering the need to increase productivity through operational efficiency, different
operational management methods that could be relevant must be explored. In this search
emerges lean production, which is the management system used in the Toyota Production
System that changed the concept of production defined in the craft and mass production
systems. This philosophy seeks to deliver to the costumer what is needed, in the amount
needed and when it is needed, based on a just-in-time delivery method (Shah & Ward 2007;
Womack & Jones 1996; Womack et al. 1990).

The principles that sustain lean philosophy are: (1) reducing variability and (2)
increasing value adding activities (Womack & Jones 1996). This philosophy has been
applied mainly in manufacturing and health (Ballard 2005; Ballard & Howell 1994; Ballard
2000; Koskela 1992), however, there are other industries that have adopted it slowly and
belatedly, among which are the construction and mining industries (Ballard 2005; Castillo
et al. 2015; De Valence 2005).

On the implementation of lean in mining, there is literature on the theoretical
applicability of the lean principles (Yingling et al. 2000; Wijaya et al. 2009; Hattingh &
Keys 2010) and implementations in mining operations and projects (Ade & Deshpande
2012; Castillo et al. 2015; Dunstan et al. 2006; Klippel et al. 2008b; Klippel et al. 2008a).
However, there are few reported cases of implementation in mining development projects
(Dunstan et al. 2006; Castillo et al. 2015). Nevertheless this type of projects is identified as
the area that presents the greatest potential for lean implementation in the mining industry
(Loow 2015).

In lean construction, one widely used tool is the Last Planner System (LPS), which is a
planning and control system that emerges from the lean principles applied in a
construction environment. This system is sustained by commitments, which are given by
the workers about the work they do (Ballard & Howell 1994; Ballard 2000). The study of
the application of the LPS in industrial mining projects has been limited (Leal 2010),
although it is noticed to be very applicable (Castillo et al. 2015; Leal 2010). In lean
construction, specifically in commercial and residential project, there has been found a
strong correlation between the percent of plan completed (PPC) and its coefficient of
variation (CV) (Alarcén et al. 2008), but this has not yet been proven true in mining
development projects.

3 RESEARCH METHODOLOGY

To develop this research, a case study methodology was used. This methodology was
chosen because it allows the authors: (1) to study the singularities of a particular case
(Arzaluz 2005; Yin 2003; Simons 2011); (2) to utilize different techniques simultaneously,
such as documents, reports, interviews, surveys, among others (Arzaluz 2005; Goode &
Hatt 2008; Yin 2003); and (3) to conduct quantitative, qualitative or mixed research (Yin
2003). Additionally, the objective of the research is to study a phenomenon in depth,
considering the particularities of a single case (Arzaluz 2005; Simons 2011; Yin 2003) and
the research focus is contemporary, rather than historical (Schell 1992; Yin 2003).
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3.1 Selection of case study

One underground mining development project was selected in order to evaluate the
impacts of the lean implementation. The amount of data gathered in this research
permitted us to perform inferential statistical analysis and correlational analysis, which
provided sturdiness to the analysis carried out. This implementation took place during the
execution phase of the project, i.e. under construction, due to the owner's need to improve
contractor productivity.

3.2 Implementation plan

This implementation took place in an underground mining development project,
developed by an international construction company, which carried out tunnelling work,
specifically at the production, caving, intermediate transport, ventilation and crushing
levels. The scope of the development work was the development of horizontal
underground tunnelling for a new mine.

This implementation lasted twelve months and it was divided in three stages: diagnosis,
implementation and control, as illustrated in Figure 1. In the diagnosis stage, the current
state of the project was established. Then, in the second stage, the lean methods chosen
were implemented for a period of six months. Finally, in the control stage, the impact of
the implementation was established.

DIAGNOSIS AND DESIGN
OF IMPLEMENTATION IMPLEMENTATION CONTROL
STRATEGY

MONTH 1 MONTH 2 MONTH 3 MONTH 4 MONTH 5 MONTH 6 MONTH 7 MM MONTH 10 | MONTH11 | MONTH 12

Objective: Objective: Objective:
Identify and characterize the Implement lean methods that allow to comply with the Establish the impact of the
current state of the project, in improvement initiatives established in the previous stage. In implementation through
order to design the addition, this stage includes the formation of the work teams in identifying and characterizing
implementation strategy order to carry out the improvements the status of the project

Initiatives to be implemented:

Tools: Methods implemented:
- Shift cycle - Standardizg coordination at .5 Tools:
- Front cycle . shift start - Last Planner - Quantitative analysis
- Detention survey - Optimize ;he transpTrt system - A3 and continuous - Qualitative analysis (due to
- Review of documents and o personng improvement space limitations, this analysis
archives - Improve planning and - Identification and reduction of is not reported in this paper)

- Expert panel to design Red coor(;hnfatlog tcret losses
strategy - Reduce Wz;;pﬁ: shortcrete - Value Stream Mapping

Figure 1: Research and implementation scope and timeline

3.3 Selection of indicators

The indicators analysed were selected considering literature review, expert opinion and
the capability of monitoring them. Also, these indicators were chosen because it was
possible to keep track of them during the diagnosis and control stages, and they were
directly related to productivity. The quantitative data was obtained from field samples and
reports from the contractor, as illustrated in Table 1.
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Table 1: Description of indicators

Theoretical Variable Definition Operational Source of
proposition measurement evidence
1. Best results Workable Time of the day that =~ Time the workeris  On-field
(mean time the worker is in front on the front, samples
improvement) and that could considering a 12-
2 More stable potentially be used in hour day
results (variability productive work
reduction) Daily Number of advanced Number of Contractor
physical linear meters daily advanced meters reports
progress per day
Number of daily blasts Number of daily ~ Contractor
blasts reports
Program Relationship between PPC On-field
completion the executed and the samples
programmed
3. Strong PPC Relationship between PPC: Activities On-field
relationship activities completed Completed / samples
between PPC and and planned Planned Activities
its CV

4 ANALYSIS OF RESULTS: QUANTITATIVE ANALYSIS

Two methods of quantitative analysis were used: inferential statistics and correlation. In
this investigation, inferential statistics is related to the hypothesis test (Pardo & San Martin
1998) and it was used two parametric tests: (1) test T for equality of means, which allows
determining if two samples have equal mean, and (2) test of Levene of equality of variance,
which allows determining if two samples have the same variance.

Statistical correlation is defined as the degree of association, similarity or joint
variation between two or more variables of a population. In particular, in order to be able
to quantify the degree of correlation between the variables, Pearson's correlation
coefficient was used. The absolute value of the Pearson correlation coefficient indicates
the strength of the correlation, while the sign indicates the direction of the correlation
(Pardo & San Martin 1998).

5 IMPLEMENTATION RESULTS

5.1 Project performance

Table 2 illustrates a summary of the descriptive statistics in the diagnosis and control
stages.
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Table 2: Indicators in the diagnosis and after the implementation

Descriptive =~ Workable  Daily Daily Program
statistics time physical  physical completion
progress  progress
(meters) (blasts)

Diagnosis Mean 5.75 hours 12.7 4.8 blasts 60.9%
meters
Standard 1.43 hours 6.32 1.84 blasts 4.9%
deviation meters
CvV 25% 50% 38% 8.1%
Sample size 98 92 90 3
Implementation Mean 6.67 hours 20.5 6.7 blasts 81.4%
meters
Standard 0.98 hours 5.49 1.76 blasts 7.9%
deviation meters
CvV 15% 27% 26% 9.7%
Sample size 41 88 88 3
Percent variation Mean +16% +61% +40% +34%
£ di .
© meanv(s 1agrosis Standard -31% -13% -4% +61%
implementation) deviation
CvV -40% -46% -32% +30%

Table 3 summarizes the inferential statistical tests performed, where "Yes" means that
there is a statistical significant difference of the value of the indicator when comparing
the diagnosis and control, "No" means that there is not such statistical significant, and
"N.A." means that it was not possible to perform the tests due to small sample sizes.
Considering a level of significance of 0.05, there is an improvement of means for all the
indicators and an improvement of variance in the indicator of workable time.

Table 3: Statistical results

Workable time Daily Daily Program
physical physical completion
progress progress
(meters) (blasts)

Equality of means test Yes Yes Yes N.A.
Equality of variance test Yes No (0.172) No (0.909) N.A.

Moreover, the reduction in the CV shows that the indicators became more stable;
therefore, it can be infer that the processes became more stable. Figure 2 illustrates the
histograms and boxplot for the indicators analysed. Due to the small sample size used in
the analysis of the indicator "Program completion”, histograms and box plot of this
indicator are not displayed.

141 | Proceedings IGLC | July 2017 | Heraklion, Greece



Assessing the Impact of Lean Methods in Mining Development Projects

Indicator

Histograms

Box plot

Workable

time

N.A.

Hours

4

s

Diagnosis Implementation

Daily

physical
progress
(meters)

MHTFM o

Frequency
Y »

W ,m -
-

Meters s

Diagnosis Implementation

Daily
physical
progress

(blasts)

Diagnosis

o
Frequency k

j Implementation
H 3 H T

T
Blasts

Blasts «

Di

Figure 2: Histograms and boxplot diagrams of indicators

5.2 Correlation between PPC and its coefficient of variation

The activities tracked correspond to all of those that conform the drill and blast cycle, i.e.,
surveying, drilling, charging explosives, blasting, loading, hauling, scaling and bolting. The
PPC was calculated daily and then, an average weekly PPC was calculated. The evolution
of the average of the weekly PPC and its CV is shown in Figure 3. For this analysis, 21

weeks of PPC measurements were considered.

100%
80%
60%
40%
20%

0%

Weekly tracking of PPC and CV PPC

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

e PPC === (CV PPC

Figure 3: Weekly tracking of PPC and its CV
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From the correlation analysis performed it can be stated that there is a statistical
significant relationship between these two variables, with a coefficient of determination
(R?) of 0.4097. The Pearson coefficient is -0.629, with a significance level of 0.01.
Considering a level of significance of 0.05, it can be stated that this relationship is
statistically significant.

6 CONCLUSIONS

From the results of this research, we can indicate that the implementation of lean methods
in underground mining development projects in execution positively impacts its
performance. In particular, the results of this research indicate that the implementation of
lean methodologies in this type of projects produces positive and statistically significant
impacts with respect to the improvement of the mean. This stands for all the variables
measured in this research and that were subjected to statistical analysis.

On the other hand, the results of this research indicate that the implementation of lean
methods in this type of project produce a statistically significant reduction of the
variability in project performance for certain indicators. Moreover, there was a
considerable reduction in the CV, which indicates more stable processes. In addition, this
research ratifies the results found in the literature: there is a statistically significant
relationship between PPC and its CV.

Even though the results from this implementation were positive, there are some
limitations. For instance, it was not guaranteed that the results were sustain in time after
the implementation took place. As well, the use of a small sample size limits the results.
For example, the correlation of the PPC and its CV might be robustly validated with greater
sample data. Regarding future studies and researches, they might focus on extending and
enhancing the analysis in this research. For example, the addition of other indicators, such
as safety ones, might be considered.
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ETHICAL DILEMMAS IN VALUE DELIVERY:
THEORETICAL CONDITIONS

Frode Drevland', Jardar Lohne’, and Ole Jonny Klakegg3

Abstract: Delivering value for the customer is one of the core tenets of lean
construction. However, anyone who is affected by a project is considered a customer
of the project. Often, different customers of a project will be at odds with each with
regards to what constitutes value for them. This could potentially lead to ethical
dilemmas for the project delivery team. This is a subject that has so far been given
little attention in literature.

In this paper we set forth a theoretical framework for investigating ethical
dilemmas in value delivery that will form the basis for future empirical research on
ethical issues related to value delivery. More precisely we examine fundamental
reasons for ethical dilemmas occurring in the context of value delivery. We theorize
that ethical dilemmas in construction projects typically arises when there is
misalignment of value between project stakeholders.

Keywords: Lean construction, ethics, value, value delivery.

1 INTRODUCTION

One of the core prescripts of the lean philosophy is that we should focus on delivering
value to our customers. On the surface this seems a relatively simple and straightforward
concept. However, in reality it is actually infinitely complex. For one, value as a concept
is ill-defined and ambiguous (Salvatierra-Garrido et al. 2012; Thyssen et al. 2010). This is,
however, not the biggest challenge related to delivering customer value.

Although there exist no commonly agreed upon definition of value, it is generally
agreed that value is subjective or particular (Drevland and Lohne 2015; Holbrook 1998;
Salvatierra-Garrido and Pasquire 2011b), i.e. value is in the eye of the beholder. Herein
lies the other challenge in delivering value for our customers. Not only is the term value
fuzzy in-and-of-itself, within lean, the term customer refers not only to the paying client,
but rather everyone downstream in the production chain and anybody who is affected by
the built asset.

Given that value is particular and that we trying to serve widely different customer at
the same time, we will inevitable find ourselves in the situation that the different
customers have needs and desires that are at odds with each other. How do we prioritize
one customer over another?

In the literature search leading up to this paper we found different who authors have
offered different views on whose value we should be concerned with in construction
projects. E.g. Bertelsen and Emmitt (2005) argues that we need to consider the client as a
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complex system, taking into the account the needs of all the different stakeholder in the
client organization, Drevland and Svalestuen (2013) argue that only the value for the
paying client is of consequence, while Salvatierra-Garrido et al. (2011a) argue that we
must also consider the value for the wider society.

Although the literature does cover different views, we have not found any that
contrasts these different views to one another, furthermore, none of the literature that we
have seen contains any discussions of the ethical implications. E.g. is it ethical to prioritize
the needs of the larger society above the needs of the paying client or vice versa?

In this paper we seek to start to shed a light on this, so far, neglected area of value. The
purpose of this paper is to define ethical dilemmas in value delivery from a theoretical
point of view. This is a preliminary work that will followed up by empirical studies at a
later date to determine how people in the industry experience and handle ethical dilemmas
of value delivery.

2 THEORETICAL FRAMEWORK

2.1 Ethical versus lawful

In the literature on ethical decision making in business, lawful and ethical decisions are
often conflated. In his seminal work on ethical decision making by individuals in
organizations, Jones (1991) define an ethical decision as “a decision that is both legal and
morally acceptable to the larger community”. This is a definition that is somewhat at odds
with the general ethics literature, where moral and ethical are generally considered
synonymous terms. Though often concurrent with, ethics must be separated from the field
of the law in order to be fully understood. What is perceived as unethical can — in certain
circumstances — be lawful, whilst what is perceived as ethically laudable can be deemed
unlawful. E.g. in the legend of Robin Hood, his stealing from the rich (unlawful) in order
to give to the poor (ethically laudable) forms, is in fact, a clear example of this distinction.

2.2 Normative and descriptive ethics

We can separate ethics into normative and descriptive ethics. The first of these profess
judgments concerning the manner of acting in the world. This is ethics as most have
encountered it, the lessons propagated being from different traditions such as deontology
(Kant 1828), consequentialism (Mill 2002 (1861) etc.), virtue ethics (typically in the
tradition from (Aristotle 2009 (~350-322 BC)) or various contemporary approaches
(Focault 1976 etc. Habermas 1992; Lévinas 2014; Sartre 1976). In fact, analyses of this sort
seem — more or less consciously — to reveal how little that has been done of ethical analysis
within the project management literature.

Descriptive ethics, on the other hand, typically analyses the judgments of behaviour in
the world according to the vocabulary of ethics. Rather than developing a framework for
judging the appropriateness of actions, such analyses typically investigate the reasons
underlying such judgements in specific contexts.

While it is possible to investigate and discuss the ethics of value delivery using a
normative approach, we would argue that in the context of construction projects and the
construction industry this would result in pure theoretical exercise with little practical
benefit. It is more interesting to see what industry practitioners themselves consider
ethical and unethical and which issues they face.

Depending on which analytic level an analysis is situated, it is possible to distinguish
individually oriented and social ethics (Ray et al. 1999). The first of these concerns the
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individual as moral actor, whilst the latter concerns the ethical qualities of social systems.
The intention of this paper is not to carry out any sort of blame game on a personal level.
What occupy us here are rather judgments of practitioners as representatives of a group,
that is, as professionals within the AEC industry, analysing it as a social system. In
Hood’ian terms, the question is not whether or not Robin judges his actions in a certain
matter — neither, in fact, the manner by which the sherift of Nottingham judges them -
but rather how the social milieus these actors operate within judge them. It is more
interesting to examine the differences between the perceptions of the simpletons who
judge Robin and those of the elite that support the sheriff, than simply calling into
attention the judgements of two single individuals.

2.3 Virtue-oriented descriptive ethics

One further distinction needs being made concerning the object of the analysis. As
commented by Harris (2008), much of current practice within engineering ethics has 1)
revolved around creating ethical codes for preventing unethical conduct by engineers, or
2) around the concern for preventing threats from technology to the health and safety of
the public. Harris labels these approaches “preventive ethics”, having for salient factor a
(negative) rule-based understanding of how to act as an engineer in the world. A
consequence of this could be that the descriptive ethical analysis outlined focused on
perceptions of such (negative) rule-based understandings of ethics.

As Emison (2006) points out, however, an “[u]navoidable complexity” is what faces
engineers in their working life, creating “especially dynamic and unstable ethical
conditions”. The logical consequence of such an insight is that, as Harris points out, not
everything that is important in professional ethics can be expressed by rules in general.
Rules cannot, Harris argues, adequately account for the place of discretion, judgment and
background knowledge involved in professional judgement. Further, there is an internal
and often idealistic component to professional practice that cannot adequately be
accounted for by rules.

Within the field of ethics, virtue ethics is typically identified as the preponderant
alternative to rule-based understandings of ethics. Virtue ethics differs from most other
approaches by being more concerned with the character of the moral actor - that is, why
the moral actor is doing what he/she is doing — than in outlining rules for conduct.

From a virtue-oriented descriptive ethics perspective, then, what is of interest to the
analysis of professional actors is not the observation of their devotion to rules and
regulations, but rather an analysis of their motivations for action when facing the
complexity characteristic of their professional life. Questions concerning phenomena such
as value delivery form archetypal examples of the challenges involved.

2.4 Definition of value

In the lean construction community there is a clear tendency to equate value with benefit,
however, the most common definition of value is that is the relationship of what you Give
and what you Get, or Costs and Benefits to use another terminology (Drevland and Lohne
2015). This is often shown expressed mathematically as Value=Benefit/Cost, however, it
can also be expressed as Value=Benefit-Cost. Although mathematical expressions of value
have been criticized (Rooke et al. 2010; Thyssen et al. 2010), we believe they can be
beneficial if one is aware of their shortcomings. Specifically that value is not summative
(Drevland and Lohne 2015). Le. it is not possible to evaluate different costs and benefits
separately and then sum them up, they have to be considered in one comprehensive value
judgement.
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One of the reasons such a definition of value is useful, is that it opens up for the notion
of negative value, i.e. the situation where someone gives more than they get. This concept
is important when considering all the customers of a project. Some of these could possibly
only be negatively affected, i.e. there is no Get or Benefit component for them.

A shift in value for some customer will typically occur from some decision being made.
To be able to describe what happens in such as situation, we believe it beneficial to
introduce the concepts of baseline value and marginal value. The former being the value
of someone for the null or default alternative and the latter how much the value will be
shifted if a decision is made.

Vy o - Baseline value for some entity X given that the zero or default alternative is
chosen.

AVy -Marginal shift in value for some entity Z after a decision is made.

Another couple of ancillary terms that we believe are needed when discussing values are
true and perceived value. Value being particular entails that it cannot be objectively
measured. This entails that value in reality dependent on perception. However, as given
by Drevland and Lohne (2015), the concept of true value can be a beneficial theoretical
concept. Perceived value being what someone perceives the value of something to be given
the knowledge that they possess, whereas true value is what someone would perceive if
they had perfect knowledge.

In addition to knowledge, someone’s perception of value will depend upon their values
(Drevland and Lohne 2015). Value (singular) and values (plural) are two distinct
theoretical concepts. Schwartz and Bilsky (1987) defines values as “(a) concepts or beliefs
(b) about desirable states or outcomes (c) that transcend specitic situations, (d) guide
selection or evaluation of behaviour and events and (e) are ordered by relative importance.”
With regards to ethical dilemmas values are also important since they will influence what
someone will consider an ethical dilemma and how to handle it.

2.5 Alignment of Value

Alignment of interest is term that is commonly used in the lean literature to describe how
well the interests of different actors line up. However, the actors in question are typically
limited to be those that have a formal role in the project, i.e. owner, designers and
constructors (see e.g. Mesa et al. 2016). Therefore, we believe that this term is not
completely suitable in the context of customer value. Furthermore alignment of interest is
also tied to action (Colvin and Boswell 2007). I.e. how is the interest of differs actors to act.
Value on the on the other does not necessarily have any connection to action. While it is
true that some actors will take an active role in the project to maximise their value, this is
not true for all stakeholder, or customers in the lean sense of the word, of the project. Some
are just passive recipient of a positive or negative value of the project. We therefore choose
to introduce the term value alignment and misalignment.

Value alignment - The situation where increasing the value for A will cause an
increase in the Value for B and conversely decreasing the value for A will decrease
the value for B.

Value misalignment - The situation where Increasing the value for A will cause a
decrease in the Value for B and conversely decreasing the value for A will increase
the value for B.
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Table 1 Mathematical expressions for alignment and misalignment.

Value alignment VA,O + AVA > VA,O g VB,O + AVB > VB,O or
VA,O + AVA < VA,O g VB,O + AVB < VB,O

Value misalignment Vao+AVy > Vg = Vgo+ AVg < Vg or
VA,O + AVA < VA,O g VB,O + AVB > VB,O

The degree of value alignment can be varying. We therefore introduce the terms in Table
2 to describe the degree of alignment or misalignment.

Table 2 Actor B's degree of value alignment with A when changing the value for

actor A
Negligible AVp = 0
Weak |AV4| > |AVg|
Proportional |AV4| = |AVp|
Strong |AV,| < |AVp|

3 ETHICAL DILEMMAS IN THE CONTEXT OF VALUE DELIVERY

According to Perry (Perry 2014) an ethical or moral dilemma is a situation where "at least
two mutually exclusive actions have a clear moral rational for them or there simply is no
moral answer at al." Based on the theoretical framework that we have set forth, we
hypothesize that ethical dilemmas, in construction projects, will arise for the project
delivery organization and the people working in it whenever a non-negligible
misalignment of value happens. In the following we will present different scenarios and
some possible misalignments of value that could arise. Note that these are not based on
formal research, but rather on the authors experience with the industry and impressions
that we have gotten from practitioners over the years. We have included them to help the
reader get a concrete grasp of the abstract framework that we have presented.

We have here chosen to focus on external customers of construction projects. While it
is clear that there in todays practice also are ethical issues regarding value delivery to
internal customers in project (see e.g. Lohne et.al, 2016, for issues arising in the design
phase), we believe the move towards relational contracting forms like IPD and Alliancing
will alleviate this issue. Le. aligned of commercial goals entails alignment of value and
thereby eliminating internal ethical conflicts.

3.1 The good of the few versus the good of the many

In many cases a project will have a negative impact for its immediate neighbours, yet be
of great value for society at large. One example is critical infrastructure such as powerlines.
Another issue of current interest is related to city densification that is happening in large
cities around the world. In some cases, areas that have previously been purely composed
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of single homes only a couple of floors high are no seeing development of high-rise
apartment buildings. This significantly the value for existing inhabitants in the area.

Although these issues will normally be politically decided on a municipal level, and not
be something that the project delivery organization should be encumbered with, it could
still weigh heavily on individuals in the organization if they see this as placing and undue
burdens those directly affected by the project.

3.2 The good of the client versus the good of wider society

Another, more pertinent variant of the above, could be the good of the client versus the
good of wider society. If the contract between the client and wider society, i.e. laws,
regulations etc., does not ensure value alignment, ethical dilemmas could arise for the
project delivery team. E.g., a client wanting a massive building that negatively affects a
city environment, for example, by blocking sightlines or having a blocking effect on
pedestrian traffic. The municipality might allow this to be built du to ignorance, i.e. not
perceiving what the true effects on the city will be. On the other hand, the architect, being
both knowledgeable on the issues from education as well as having been instilled the
professional values of their profession, could likely perceive the true situation and
experience it as problematic. Le. should they be true to what their client wants or true to
what is the best for the city and the values of their profession?

3.3 The good of the developer versus the good of the buyer

The former examples touch upon issues that might occur due to issues of value perception.
An even clearer examples of the challenges of perception of value can be found in the
context of housing development. In a housing project, increasing value for the developer
will be a matter of reducing the cost of the project while maximizing the price each unit
can be sold for. In many cases the cost of the project can be reduced without seemingly
affecting the value for the customers buying the units, i.e. the perceived value stays the
same. However, this could be due to the customers not being sufficiently knowledgeable
to correctly asses the true value. E.g. a cost reduction for the developer could lead to a long
increase in the maintenance cost that has to be borne by the buyer. In this case there is an
alignment of perceived value, but a misalignment of true value.

The buyer, lacking sufficient domain knowledge to properly asses this, will perceive
the value to be the same and therefore be willing to pay the same price. An architect or
engineer on the other hand will have this knowledge and will able to accurately assess the
buyers will be short changed on their value.

4 DISCUSSION AND CONCLUSION

The previous scenarios describe situations where value misalignment can occur, and
where we believe ethical dilemmas can arise for the project delivery team. However, as
we have argued in the theoretical framework, we believe that a descriptive approach has
to be taken in analysing ethical issues in construction projects. Therefore, while we
hypothesize that such situations will give birth to ethical dilemmas, we cannot state for at
fact that these scenarios will always lead to ethical dilemmas. It is not given that industry
professionals will experience ethical issues if they find themselves in such situations. E.g.
if someone’s values dictate that the paying client always comes first, then they might not
experience any ethical dilemmas, even in the case where there is a strong misalignment
of value between the paying client and the other customers of the project.
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Furthermore, it is not only interesting to understand what is considered ethical and
unethical in the context of value delivery. If the goal is to address the issues in practical
terms, we also need to know how often they occur and how people typically act when
tfaced with these kinds of ethical dilemmas. When faced between a value misalignment
between the client and other customer, an architect or engineer might, for example, choose
to be blindly loyal to the client, or decide to go behind the clients back and optimize value
for the different customers based on their own conception of what is the fairest situation
overall.

If are to develop tools and methods for optimizing value delivery in projects we need
to have a notion of how people are prone to act in this sense. E.g. a process that only
considers the value for the paying client might be seen as inherently unethical by members
of the project delivery team, and its use could be sabotaged. If so, it would probably be
beneficial to bring in the value for other customers. This would make the process more
transparent and less likely that team members will make value adjustments or rebalancing
of their own accord. People will typically go along with decisions that they don't agree
with a long as they have been able to voice their concerns (Lencioni 2002).

Much of this pure speculation, and we need more knowledge about practitioners' actual
views on these issues. In this paper, we have presented a theoretical framework for
analysing ethical dilemmas in construction projects. This lays the groundwork for a later
empirical study of the phenomenon. Our aim for future research is to answer:

1. What value misalignments are experienced in practice and how frequently?

2. Do designers and constructors experience ethical dilemmas due to these
misalignments?

3. How are these situations handled by designers and constructors?
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ASSESSMENT OF PERFORMANCE MEASUREMENT
FRAMEWORKS SUPPORTING THE
IMPLEMENTATION OF LEAN CONSTRUCTION

Hatzigeorgiou Alexandros' and Manoliadis Odysseas2

Abstract: Construction companies can perceive significant benefits of Lean
Construction management, although cannot clearly identify the extent and origin of
the obtained benefits. Frameworks, consisting structured tools suitable for business
management, find wide application in the field of Performance Measurement, in most
of the industries. The role of contemporary, process-oriented, Performance
Measurement frameworks, like the European Foundation for Quality Management
Excellence Model, the Balanced Scorecard and Key Performance Indicators, in
supporting Lean Construction is examined in this study. The contribution of
Performance Measurement Systems developed upon such frameworks, in the
implementation of basic Lean Construction principles, like waste/variability
reduction, operation simplification and benchmarking, is demonstrated by reviewing
a number of related studies from the literature and identifying their basic
characteristics regarding the adopted Performance Measurement frameworks and the
involved Lean Construction principles. The presented studies indicate that the use of
these frameworks, and especially Key Performance Indicators, can assist the
application of specific Lean Construction principles, and most of all benchmarking.

Keywords: lean construction principles, performance measurement frameworks.

1 INTRODUCTION

Performance Measurement (PM) is an integral part of management, assisting
organizations to establish challenging and feasible goals and objectives and to connect
them with improvements. PM is a well explored subject in literature and has gained
significant attention during the 1990s among academics and professionals in most of the
economy's sectors, followed by a plethora of published articles, described by Neely (1999)
as "revolution". It had a profound impact on the construction industry too, where more
and more construction engineering organizations started adopting Performance
Measurement Systems (PMSs), over the past two decades (Bassioni et al. 2004).

Traditional PMSs, depending solely on financial measures, has been strongly criticized
as strictly results-oriented and backward focused (Lantelme and Formoso 2000), since they
are based on lagging indicators describing the outcomes of managerial actions or decisions
only after they occur. This widespread dissatisfaction, climaxing in the late 1970s and early
1980s, has driven the construction industry to shift to modern methods of PM, with the
use of process-oriented, leading measures, aiming to give early warnings and identify
barriers and potential problems in the implementation of strategy and the attainment of
goals and objectives (Costa et al. 2006).
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Lean Production (LP) emerged in the middle 1980s as a breakthrough production
philosophy, aiming at the designing of a production system to deliver a custom product
instantly on order, with the less possible intermediate inventories (Howell 1999). The
seminal technical report of Koskela (1992), introducing the Transformation-Flow-Value
generation model, was the first consideration of the application of concepts of LP in
construction, giving birth to the term Lean Construction (LC). Koskela summarized a
number of heuristic principles for the improvement of flow processes in production. On
the top of the list, described as the core principle of LP, is the reduction of non value-
adding activities from the production process, called waste, and the efficiency increase of
value-adding ones. Reviewing the construction production as a combination of conversion
and flow processes, waste reduction consists probably the central idea of LC. An associated
principle with waste removal is variability reduction, expressed as unreliable workflow
between processes, which can decrease the amount of non value-adding activities and
increase customer satisfaction. In LC the issue of variability is usually addressed in terms
of construction labour productivity (Thomas et al. 2002). Operations simplification is
another critical LP principle, accomplished by minimizing the number of steps or parts
involved in the production process, which can find application in construction too. Finally,
the well-known benchmarking, a systematic process of comparing and measuring the
organization's performance against other similar ones in key business activities can be
considered as a general principal related both to LP and LC issues. In construction,
benchmarking can be implemented with the use of indices of construction labour
productivity (Manoliadis 2011).

The present paper is aiming to stress the contribution of the use of contemporary PMSs
in construction in the successful implementation of business strategies like LC, by assisting
the employment of the above principles. In doing so, the paper is first reviewing the most
widely implemented PM frameworks applied in construction and is then presenting and
commending on a number of characteristic studies of PMSs, developed for construction
firms and projects, which support the use of such principles.

2 CONTEMPORARY PERFORMANCE MEASUREMENT FRAMEWORKS
APPLIED IN CONSTRUCTION

After the gradual abundance of traditional PMSs since the 1980s, a number of models and
frameworks have been evolved and developed for PM, trying to bridge the gap between
financial and non-financial measures. Nevertheless, not all of them experienced wide
implementation within the construction industry. According to a number of researchers
(Bassioni et al. 2004; Yang et al. 2010), the most frequently used PM frameworks in
construction are the European Foundation for Quality Management (EFQM) Excellence
Model, the Balanced Scorecard (BSC) and the Key Performance Indicators (KPIs),
presented briefly in the next sections.

2.1 The European Foundation for Quality Management (EFQM)
Excellence Model

One of the most utilized quality-based management models is the EFQM Excellence Model,
a non-prescriptive framework developed in 1989 in Europe by the EFQM, a membership
based, non-profit organization. It has emerged as a major tool in the development of
continuous business improvement, aiming to improve performance and to enable the
assessment of excellence, by measuring and upgrading the overall quality of an
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organization, based on eight fundamental concepts of excellence (EFQM 1999): Results
Orientation, People Development & Involvement, Customer Focus, Continuous Learning
Innovation & Improvement, Leadership & Constancy of Purpose, Partnership
Development, Management by Process & Facts and Public Responsibility.

The EFOM Excellence Model consists of nine criteria, intrinsically linked, requiring
measurement of results, that can be used to identify dimensions of PM: i) five enabler’s
criteria, dealing with how the various activities are undertaken and representing the
management of the organization and ii) four sets of results criteria, focusing on what
results an organization have achieved. The model starts on the left-hand side with
Leadership, essential for any action or decision of an organization, which decides upon the
organization's Policy & Strategies, utilizing the capabilities of its People and deploying its
Partnerships & Resources. Next, the organization's Processes which will deliver the desired
Customer Results are defined, affecting also the employees of the organization (People
Results) and the society in general (Society Results). These results will in turn determine
the organization's Key Performance Results. The model is further devised to be used as a
self-assessment tool (Beatham et al. 2004). Despite its original mission as a business quality
and excellence model, the EFQM Excellence Model has been used ever since as a PM
framework (Bassioni et al. 2004) and, although developed generically, has been adopted
by many construction companies in the last decade.

2.2 The Balanced Scorecard (BSC)

Kaplan and Norton (1992) introduced the BSC as a new PMS, characterizing it as a
comprehensive framework that can translate a company’s vision and strategy into a
coherent and linked series of measures and sub—measures. BSC allows an organization to
measure and evaluate its performance through four distinct perspectives: i) Financial
Perspective, monitoring the organization’s financial performance, with the use of typical
financial and accounting ratios, such as Current Ratio, Net Profit, ROI, ROA, etc. ii)
Customer Perspective, looking at the organization through the eyes of its customers,
involving specific measures that reflect factors critical to customers such as delivery time,
quality, service, and cost. iii) Internal Process Perspective, reporting on the efficiency of
internal processes and procedures such as cycle time, inventory management, productivity
control and logistics. iv) Learning and Growth Perspective, reflecting the commitment of
the organization to grow and adapt to change by measuring its ability to innovate, improve
and learn. A proper BSC should consist of both core outcome measures (lagging indicators)
as objectives and performance drivers (leading indicators) as sub—measures of these
outcomes (Kaplan and Norton 1996).

Although BSC was initially introduced to serve as the basis of a typical PMS, it was
further promoted as a strategic management system (Kaplan and Norton 1996) with an
important underlying principle, organized on a cause-and-effect relationship base between
the four perspectives. Innovation and learning will be used for the development of new
technologies and processes that can be implemented to decrease costs and increase
efficiencies in the internal business perspective, providing higher value and satisfaction to
the customer, which will in turn produce improved financial results. Yang et al. (2010)
considered BSC as the most frequently used PM framework, in the organizational level, in
construction industry.

2.3 Key Performance Indicators (KPIs)

During the 1990s two landmark reports, the first by Sir Michael Latham (1994) and the
second by Sir John Egan (1998), were published, setting specific targets for performance
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level improvement in the construction industry. In response to these two reports, the
Construction Best Practice Program (CBPP), a government funded organization, was
established in the UK., identifying Key Performance Indicators (KPIs) as the measures of
the performance of the process critical to its success and launching the KPI Programme in
1998. CBPP developed in 2000 a first set of 10 headline KPIs, serving as a measure of the
overall state of health of a company, roughly classified into three categories: economic,
respect for people and environment, and divided into project and company level. These
headline KPIs were further distinguished as operational and diagnostic KPIs. CBPP was
soon acknowledged as the leading organization in the production of KPIs for the
construction industry and its merging with the "Rethinking Construction” movement
created in 2004 the Constructing Excellence (CE) Programme of the U.K (CE 2006).

In the case of the U.S, the importance of performance assessment in increasing
competitiveness and growth was acknowledged in the early 1990s. The Benchmarking &
Metrics Programme (B&MP) of the Construction Industry Institute (CII) is another widely
known construction PM initiative, aiming to provide the construction industry with a
common set of metric definitions and performance norms and to illuminate and quantify
the use and value of best practices (Costa et al. 2006). B&MP reported a first performance
data collection in 1996 and its current review includes a set of indicators classified in the
categories of budgeted/actual costs, planned/actual schedule, facility capacity, project
outcomes, accident data and project impact factors. Its goal is to set performance standards
in the construction industry using a consistent PM algorithm and to develop assessment
tools in order to promote construction performance (CII 2001).

KPI models have been widely applied in the construction industry, aiming to eliminate
inefficiency and maximize cost effectiveness and productivity (Cha and Kim 2011), yet
significantly criticised as lagging measures, inappropriate for decision making,
performance improvement and change opportunities (Bassioni et al., 2004).

3 CONTRIBUTION AND APPLICATIONS OF PERFORMANCE
MEASUREMENT FRAMEWORKS IN LEAN CONSTRUCTION

Lantelme and Formoso (2000) pointed out the important role PM plays in process control
and LP systems in general, providing process transparency and assisting the conversion of
usually invisible attributes to visible. Consequently, the use of appropriate and well-
designed PMSs, for supporting the successful implementation of LC, has been emphasised
by many researchers. According to Alarcén et al. (2001), traditional control systems focus
their attention in conversion activities ignoring flow ones, therefore most of the non-
value-adding activities become invisible. Sarhan and Fox (2013) argued that one of the
critical factors for the poor application of lean principles in construction is the failure to
use appropriate process oriented PMSs.

Despite the huge number of published articles in the field of PM in construction, few
of them can be accounted for explicitly supporting the application of the four basic LC
principles, discussed earlier. Some of the most significant and cited studies, published in
major construction management journals, are briefly presented in the next section.

3.1 Related studies

Cox et al. (2003) acknowledged the necessity of identifying common indicators for
construction executives and managers in measuring projects' performance and
investigated management perceptions of quantitative and qualitative KPIs utilized in the
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construction industry. They generated an initial set of perceived KPIs, through literature
research, and conducted a survey in order to administer them to the construction industry.
Performing statistical analysis of the collected responses and trying to identify common
KPIs by construction sector and management or experience level, they argued that the
reported KPIs differ according to management's perspectives but identified six top rated
indicators, including: quality control, on-time completion, cost, safety, cost/unit and
units/man-hours, reported as the most useful by every construction sector.

Beatham et al. (2004) reviewed and appraised different kinds of construction KPIs,
criticizing most of them as mainly lagging and post event indicators. Using the EFOM
Excellence Model criteria as a framework, they distinguished between three different types
of indicators: i) KPIs, indicative of associated future performance, ii) Key Performance
Outcomes (KPOs), as measures of completed actions and events and iii) Perception
Measures, as individuals' judgements of leading or lagging measures, arguing that the
developed CBPP headline KPIs basically represent KPOs. Dividing the five enabling
Excellence Model criteria into two groups, they placed Processes in the first and the other
four in the second, applying KPOs of Key Business Processes and sub-processes in the first
and KPIs/ Perception Measures on the second. They proposed KPIs incorporated into a
two-cycle PMS, the first involving measures implementation and the second initiating
Change Action driven by Results, both of them based on the RADAR (Results, Approach,
Deployment, Assessment and Review) logic of the EFQM.

Chan and Chan (2004) developed a framework for measuring success of construction
projects, developing a set of KPIs, measured both objectively and subjectively, through a
comprehensive literature review. Nine KPI categories in total were selected and divided
into two groups, representing the objective and subjective measures respectively: the first
one included the categories of Time, Cost, Value & Profit, Health & Safety and
Environmental Performance and the second one the categories of Quality, Functionality,
User expectation/satisfaction and Participants’ satisfaction. In every category, they
proposed a few, common used, representative KPIs.

Yu et al. (2007) established a PMS implementation model for construction companies,
following a BSC approach and designing a set of benchmarking measures, serving as KPIs.
Their model included a PM framework, consisting of the four BSC perspectives,
performance criteria and representative KPIs. They first identified 12 performance criteria,
three for each BSC perspective, and formulated a candidate list of 45 initial indicators
through literature review. Conducting a questionnaire survey in listed Korean
construction companies and interviews with performance management experts, they cut
down the initial list of indicators to 16 final KPIs.

Yeung et al. (2007), arguing that KPIs can serve as a benchmark for PM in construction
partnering projects, developed a performance evaluation model of partnering projects in
Hong Kong. Utilizing a previously developed KPIs' conceptual framework, they applied
the Delphi survey technique, with a large number of construction experts, to rank and
address weighs to the initial list, resulting in seven top-weighted KPIs. In addition, a
composite Partnering Performance Index was derived to provide an integrated assessment
of partnering performance. In a consequent study, Yeung et al. (2009), following a similar
approach, formulated a model to evaluate the success of relationship-based construction
projects in Australia, selecting this time eight KPIs, and calculated an equivalent
Performance Index to assess their performance. In both studies, the developed indices were
composed of a set of lagging KPIs.

Cha and Kim (2011) developed a framework for an effective PMS for building
construction projects in South Korea, focusing on the project PM in the construction stage,
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from the perspective of the construction company. Deploying related literature analysis
and implementing PMSs' cases, they identified eight candidate performance areas, which
corresponded to the project objectives, and formed an initial list of 27 indicators.
Throughout a preliminary review 6 categories and 20 indicators were screened out as
potential KPIs and after an in-depth survey, examining their measurability and
representativeness, they resulted to a final set of 18 KPIs.

Yeung et al. (2013) attempted to incorporate both leading and lagging KPIs, applying
the Reliability Interval Method (RIM), to formulate a benchmarking model in order to
assess project performance, at different stages of the project Life Cycle in Hong Kong. A
list of KPIs was compiled, based on a comprehensive literature review, which was used to
develop a survey questionnaire and the RIM was subsequently applied to analyse the
survey results and determine the relative importance and rankings of the various
leading and lagging KPIs. From the results, the top 10 KPIs were selected for the success
evaluation of Hong Kong construction projects and a Composite Performance Index was
derived to provide a comprehensive assessment.

3.2 Summary characteristics of presented studies

Cox et al. (2003), Chan & Chan (2004), Yu et al. (2007) and Cha & Kim (2011) identified,
theoretically or empirically, indicators which can be applied for utilizing waste reduction.
The proposed measures in the studies of Chan & Chan and Yu et al. incorporated KPIs
dealing with operations variability, while Chan & Chan, Cha & Kim and Yeung et al.
(2013), adopting a pure KPIs framework, included a number of leading indicators
examining functionality, equivalent to simplification of operations. Finally, all the
presented PMSs contained a number of indices, grouped in various dimensions or
categories, which can serve as benchmarking measures.

Table 1 summarizes the basic characteristics of the presented PMSs, reporting the
corresponding LC principles to which each study has the most profound contribution.

Table 1: PMSs characteristics and LC principles contribution

Author(s) (Year) Approach  followed PM framework LC principle
adopted contribution
Cox et al. (2003) Empirical KPI WR/BN
Beatham et al. (2004) Conceptual/Empirical EFQM/KPI BN
Chan & Chan (2004) Conceptual KPI WR/VR/OS/BN
Yu et al. (2007) Conceptual/Empirical BSC/KPI WR/VR/BN
Yeung et al. (2007/2009) Empirical KPI BN
Cha & Kim (2011) Empirical KPI WR/OS/BN
Yeung et al. (2013) Empirical KPI OS/BN

WR: Waste Reduction, VK: Variability Keduction, 0S: Operations Simplification, BN: Benchmarking

Table 1 reveals that a common PM framework adopted in all the presented studies is
KPIs, suggesting clearly that the use of indices in a PM framework is essential for the
effective application of LC principles. In addition, from the four presented LC principles,
the only one addressed in every study is benchmarking, indicating that PMSs developed
for construction, support LC implementation basically through benchmarking. The next,
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most commonly, supported LC principle by the presented PMSs is waste reduction,
appearing in four out of the seven reviewed studies.

4 CONCLUSIONS

The general trend of the PMSs in construction, reported in the literature during the
last two decades, indicate that they can prove very useful in the implementation of LC.
Such frameworks act as an indirect measurement of indicators and can provide valuable
information, derived as a by-product of PMSs, which can be utilized to specific aspects of
LC management. In this paper, a number of published studies were reviewed to
substantiate the suggestion that the selection of appropriate PM measures has a major
influence on the implementation of LC strategies. The use of PMSs based on contemporary
PM frameworks, like the EFQM Excellence Model, the BSC and the KPIs, can assist the
application of basic LC principles, such as such as waste and variability reduction,
operations simplification and especially benchmarking. More specifically, the KPIs
framework, used individually or in combination with the other two, is indispensable in the
development of PMSs for these principles.

The increasing interest from the construction industry in PM models and frameworks
provides a sound foundation for their use in conjunction with lean practices. Findings of
this paper are based on wide implemented PM frameworks and a relative small number of
published studies. As a future work, a more extensive literature review could be conducted,
in order to include other PM frameworks and a larger sample of related studies.
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A PORTFOLIO/PROCESS/OPERATIONS (PPO)
ANALYSIS OF A META-PROJECT PRODUCTION
SYSTEM IN RENOVATION PROJECTS

Samuel Korb’, Rafael Sacks’, and Otto Alhava’

Abstract: The Portfolio/Process/Operations (PPO) model is a novel approach to
understanding the elements that impact production systems in the world of
construction. Building on prior work such as the "Transformation-Flow-Value" (TFV)
theory, the PPO model adds a multi- and meta-project view through its consideration
of the total "Portfolio" of projects and partners in which each company in the industry
is engaged.

Fira Palvelut is a Finnish contractor specializing in the refurbishment of
bathrooms in the aging Finnish mass housing market. This paper examines Fira's
efforts to improve their operations and finds that by addressing each of the elements
of the PPO model, they have managed to build a robust and successful production
system that dramatically outpaces the industry standard for project lead time. In the
renovation sphere, this means customers must be out of their houses for significantly
less time while the work is performed.

In this paper, we give a background to the PPO model and Fira Palvelut's
operations, and analyze their success through the lens of each element of the model.

Keywords: Lean construction, PPO model, case study, linked projects

1 INTRODUCTION

The Portfolio/Process/Operations (PPO) model is a new approach to conceptualizing the
intertwined factors that impact the work flow in construction production systems (Sacks,
2016). "Operations” are the individual value-adding tasks performed by trade crews, while
"Process" reflects the flow of individual products (locations within a building project)
through the tasks across different trades. "Portfolio" introduces a meta-project point of
view, by examining how general contractors schedule the flow of their projects,
considering building projects as product units. The portfolio and the operations levels are
linked to close a loop, in that the trade crews (subcontractors and suppliers) balance the
demands of the multiple projects in which they are involved across the local construction
market.

Fira Oy is a Finnish construction contractor. Among other lines of business, Fira offers
bathroom-renovation services to aging housing projects, in which the bathrooms in a
multi-floor building are refurbished, including replacement of all of the plumbing systems
and most of the electrical. After completing a number of projects in this domain using a
traditional planning and control model - i.e. by subcontracting each of the demolition,
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plumbing systems, electrical systems, mechanical systems, concrete and block work, and
tiling work to separate sub-contracted crews and managing them using a critical path
method plan — Fira was able to identify and quantify much of the wastes in the system.

Fira then applied Lean thinking to the problem and has devised a new approach in
which it views individual bathrooms as products in a production system which spans
across buildings and projects. On the basis of this conceptual change, the system attempts
to build a predictable work pace and flow which extends from project to project in a
carefully planned portfolio. Similarly, the subcontractors are aligned using Alliancing
agreements and other similar contract structures, which allow them to take a meta-project
view of their work flow and avoid periods of under-utilization between projects. Though
Fira did not explicitly set out to implement the PPO model (as it was only advanced
recently), their practice and their success incorporate the principles of the PPO model of
production flow in construction.

In the following sections, we review the PPO model in detail, describe Fira’s approach
to bathroom renovation, and discuss the degree to which Fira’s construction production
system can be considered an exemplar of the PPO model. The conclusions provide insight
into the domains within construction and the ways in which the PPO model can be applied
in practice.

2 THEORETICAL BACKGROUND

The PPO model is based on the Process-Operation' conceptual distinction made by Shingo
(1988) between the work tasks done on successive products at the same work station (the
operation axis) and the successive sequence of tasks that each product flows through as it
moves through the company (the process axis). In the case of construction, the PPO model
recognizes that the product is stationary and the work stations (trade crews) flow through
the product (Sacks, 2016). The construction products are the locations (room, apartment,
floor, or any other distinct zone that is handed over to a customer). The locations are built
along the process axis, whereas the trade crews work on the operations axis.

This same conceptual framework underpins the Location-Based Management
approach which uses a "Line of Balance" chart to manage (both planning and control) the
progress of construction projects (Kenley and Seppanen, 2006). A Line of Balance (LOB)
chart portrays the locations of the construction project on the Y axis and the progress of
time on the X axis. The locations move through time and through the trades, on the Process
axis. Each trade is portrayed as a line moving through the locations, along an Operations
axis. This is shown graphically in Figure 1.

The contribution of Shingo's model was to broaden the scope of attention given by
managers and industrial engineers beyond merely the work transpiring at each work
station, where focus naturally gravitates, and instead to look at the work through the "eyes"
of the product to identify the journey it took through the manufacture and supply process.
This approach underlay much of the work done to improve processes at Toyota, where
Shingo was one of the thought leaders behind the Toyota Production System, and is a key
component of Lean thinking to this day. Koskela (2000) also highlighted this distinction in
his "Transformation-Flow-Value" (TFV) theory (in which Transformation corresponds to
Operations and Flow corresponds to Process). TFV added an additional element, Value, as
a way of viewing the work activities through the eyes of the customer.

In construction, there is a third element - construction is a form of project production
rather than factory or serial production (Ballard, 2005). The PPO model encompasses this
aspect by adding a third dimension - the project Portfolio. Projects can be considered
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products in and of themselves, and one can conceptualize the flow of a company’s
construction projects using notions such as work in progress (the number of projects a
company is engaged in simultaneously) and cycle time (the duration of each project). As
such, theoretical constructs such as Little's law can be applied. Figure 2 illustrates the three
dimensions.
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Figure 1: Traditional "Line of Balance" (LOB) chart for managing a single project,
showing Process (location) flows and Operations (trade crew) flows.
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Figure 2: Three-dimensional Portfolio, Process and Operations (PPO) model of
construction flows.

Furthermore, in the construction industry, it is common for the actual work to be
carried out by subcontractors who can work at more than one project at a time for
more than one General Contractor. As Sacks and Harel (2006) have shown, the
inter-project dynamic for a subcontractor who is juggling the demands of multiple
projects can have a significant impact on the progress of a given project. Thus in
the same way that the work must be viewed through the eyes of the product, it
must also be viewed through the eyes of the multi-site resources, if global
optimization and favorable project outcomes are to be pursued. The cyclical nature
of the PPO model is shown in (a) (b)

Figure 3b.
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3 FIRA PALVELUT OY

Fira Oy was founded in 2002, working first as a concrete subcontractor, and growing
quickly to become a general contractor. Today Fira Group Oy has a staff of some 240
employees and an annual turnover that exceeds €130M. Fira has long been devoted to
innovative methods in construction management, such as Building Information Modeling,
the Last Planner® System, early contractor involvement in the design process, Alliancing,
process standardization, a Lean-inspired focus on removing waste and managing the
process (as opposed to managing by results), and use of an "Obeya" or "Intensive Big
Room" for collaborative design processes (Alhava et al.,, 2015). In 2015, the company
created a subsidiary called Fira Palvelut, which focuses on bathroom renovations (see
Figure 4).

Portfolios Portfolios

Flow of Projects Flow of
I Projects
Processes

Location Flow

I Processes Operations
Location Flow Trade Flow
Operations
Trade Flow \_/
(a) (b)

Figure 3: Hierarchical (a) vs. cyclical (b) relationships in the PPO model. The
cyclical view reflects the flow of trades across projects as well as their flow across
locations within a project.

While the market Fira Palvelut focuses on is narrow, the potential size of that niche is
large given the dynamics of the Finnish housing market. In the 1950s and 1960s, Finland
had a wave of mass-housing building projects. Today, the plumbing in those projects is
reaching the end of its service lifespan, which means that many buildings require complete
retrofits of their bathrooms and plumbing. The typical ownership structure is a
homeowner's association which owns the entire building, meaning the "customers” for
renovation projects are the building management companies, each with tens or even
hundreds of units (as opposed to individual tenants contracting their own renovations).
Fira Palvelut has focused on two main concepts: flow and value. The former, flow,
grew out of their realization of the magnitude of the waste in the processes. A video
recording of a typical renovation showed that during 82% of the working hours from the
beginning of work to the end of work in an apartment, the apartment was empty, and the
remaining 18% was filled with other wastes including lots of unnecessary movement. With
a 13-week customer lead time (time the customers would have to move out of their house
while work was underway), the thought was by doing no more than getting rid of the
waiting time, they could cut the customer lead time to a fraction of the current amount.
The latter concept, value, was a harder lesson to internalize, since sometimes the
interests of the customer were not seen to overlap with those of the company (in terms of
honouring any and all requests, etc.). But a customer-value focus was crucial to build the
volume of work that they would need to improve the production processes. Indeed, Fira
now offers each individual customer the ability to customize their new bathroom, even
though the variation this creates complicates the job Fira has to do (in terms of managing

164 | Proceedings IGLC | July 2017 | Heraklion, Greece



Samuel Korb, Rafael Sacks and Otto Alhava

information and the supply chain). Furthermore, each project has a service engineer whose
sole job is to serve the needs of the tenants. The short lead-time and customized product
have given them a competitive edge in their market.

Figure 4: Typical bathroom, post- emolition, with tlibi laid for in-floor heating

Fira's key innovation to improve flow has been to create stable groups of subcontractors
called "trains" that move together from project to project. In each project, the "coaches" of
the train proceed from apartment to apartment at designated intervals (a form of Takt
planning). Capacity buffers (in the form of overtime or temporarily adding workers) are
used to maintain consistency in the cycle times, so that the coaches do not become
uncoupled and nor does the train derail. In this way, they were able to reduce customer
move-out duration from thirteen weeks to a standard of five weeks, and consequently to
grow the business almost six-fold in the course of five years. A pilot program has reduced
the apartment cycle-time further, to two weeks, which garnered attention in the local press.

4 PPO AT FIrRA

In building the unique production system that is Fira Palvelut, Fira has instinctively
addressed all of the elements of the PPO model, and in so doing, they have harnessed the
synergy that can be created when those elements are in harmony.

4.1 Portfolio

One of the key things that Fira has done is work to create a stable backlog of projects, so
that when one project is finished, the next is immediately ready to start. In this way, they
are able to provide the crews with a steady supply of jobs, and in return they ask that the
subcontractors maintain the crew composition from project to project (as a comparison,
in prior projects less than 10% of the crew members would continue from one project to
the next). In essence, they are aware of the crucial importance of the "Portfolio" from the
point of view of the subs and thus take active steps to make sure that it is addressed (by
providing a dependable flow of projects).

For subcontractors, the continuity of projects is a boon, since it avoids gaps between
projects, gaps that are problematic due to the fixed costs for the subcontractor and
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questions about whether to hold onto or lay off their staff. The workers can also be affected
by discontinuities in the work; if they know that there is no new project in the pipeline
after the current one (which could mean no work for weeks or months), they may be
subject to psychological pressures (knowingly or not) which could slow the pace of work.

As is apparent from the model and the example provided by Fira’s practical experience,
understanding these meta-project dynamics at work is crucial to the efficient management
of any given project and the many client-service provider relationships it contains, because
it guides thinking toward establishment of streams of projects that provide for optimal
trade-crew flows both within a project and from project to project. By addressing the
portfolio-level interests of all agents and designing production systems accordingly, better
outcomes can be achieved for all parties.

In turn, through Alliancing agreements and other similar contract structures, Fira
gains high-quality work and some measure of control over which specific workers are
involved in each project. This allows them to build on the learning curve of each individual
project, accumulating learning from project to project instead of starting from scratch with
each new project team (compare the ad-hoc approach in Figure 5 to the continuous flow
of projects in Figure 6). This directly enables continuous improvement.

Project 1 Project 2 Project 3
) ) ()
o o— cxmm—
[ ] [ [ ]
Subcontractor c—— oEE—— o
tasks o oE— o
G L] [ |
O — |———]
———— [=———————

—
|74
A . A
Total duration of WASTE! WASTE!
subcontracts

A
Productivity
Learning curve
X L h
Figure 5: The "waste" of shared learning when projects are disconnected and teams
are ad-hoc
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Figure 6: Linking projects and maintaining team continuity leads to long-term
learning and improvement
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4.2 Process

The key enabler to building a stable flow of work both within and between projects has
been a keen attention to Process. This meant identifying, quantifying, defining, and
balancing the work packages so that each coach of the train has an equal duration of work.
The continuity of personnel from project to project provided by the attention to Portfolio
was crucial to the improvement of the processes, since there was a set team who could be
engaged in the joint Value Stream Mapping (VSM)-type work required to examine the
work flow and jointly coordinate their actions. Rather than arriving to each new site and
having to renegotiate their working relationships (if they exist at all) with the other subs,
the workers in the Fira Palvelut model are part of a quasi-organization that has intentional
longevity. As Priven and Sacks (2016) have shown, growing the social interactions
between the team members has positive impacts on project outcomes.

The stability that is gained in the work durations has been leveraged to compress
project timelines, an effective competitive advantage in a market niche that requires
residents to find alternate accommodations during the refurbishment. All of this comes
from an awareness of the existence of a work process that involves all of the trades and a
conscientious drive to identify and remove the wastes that impede the smooth flow.

One example was the acquisition of a diamond drill by the demolition team. Previously,
the demolition subcontractor had hired another company to drill the holes in the concrete
necessary to run the new plumbing. But the wait for an exterior party, coupled with the
motivation on the part of the driller to wait until a batch of works had built up, was causing
interruptions to the flow which were having negative impacts on the overall work. The
demolition team eventually purchased their own drill so they could self-perform that part
of the work, on time, as needed, in batches as arbitrarily small as the flow required. Fira
systematically documents these innovations as they are implemented and standardizes
them across projects, though developing standardized processes across the trains remains
a challenge.

4.3 Operation

Connecting project to project with the same team has an additional benefit at the level of
the individual Operations. The continuity it provides means that there is a degree of
repetition not present in the typical one-off project organization. Continuous
improvement is based upon being able to stabilize processes, which often means having a
sufficient degree of repeatability of the operation under study. In a here-today, gone-
tomorrow traditional project, the interest in investing in continuous improvement (to say
nothing of the underlying repetition that is necessary) rapidly approaches zero. But in a
scenario where the crews are doing roughly the same work from day to day, project to
project, with the same suppliers and other crews they are interfacing with, the situation is
completely different. Suddenly there is not only room for improvement but also desire,
since the benefits will be paid out for as long as the trains keep moving from project to
project. This happened with the electrical crew, who were able to drop their costs by 18%
under their estimation by focusing on improving from project to project.

5 CONCLUSIONS

The success of Fira is a good indication of how the elements of the PPO model are
interconnected, as depicted in Figure 3b. Their attention to the "Portfolio" element allows
improvements to both Process and Operation, which in turn have benefits to the overall
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Portfolio of the parties concerned. And indeed, the meta-project element is a key
innovation, both in the PPO model and in Fira's practice.

One critique of Fira's practice is that their Location Breakdown Structure (LBS) does
not go down to the individual apartment level, thus stopping short of the Lean "One Piece
Flow" ideal. This is due to the nature of the local construction market, where the ownership
structure is as described above (leading to entire buildings hiring Fira), and where sub-
floor components of each bathroom are actually located in the apartment below so that
each 'entrance' (typically with some 10-20 apartments) is the smallest planning unit. In
other markets, the logical implication of the PPO model is to reduce the product to the
smallest indivisible unit (the apartment). But as the case of Fira shows, this ideal can be
influenced by the prevailing cultural, technological, and legal context.

In conclusion, Fira's practice illustrates implementation of a production system that
considers all three aspects of the PPO model. The designers of Fira's production system
are implicitly aware of all elements: of the project portfolio, of the process undergone by
each individual apartment, and of the operations performed by the trade crews. They have
addressed each in an integrative fashion to improve performance. By building a continuity
of projects, the portfolio of each of the partners is being given its due, instead of the typical
one-off approach leaving each of the members of the ad-hoc construction organization to
fend for themselves at project end. Furthermore, the continuity allows attention to be given
to improving both the individual operations and the overall flow, creating balanced work
sequences which are themselves crucial to scheduling each trade and each project.
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ON EPISTEMOLOGY OF CONSTRUCTION
ENGINEERING AND MANAGEMENT

Lauri Koskelal, Ergo Pikasz, Jarkko Nijranen3, Andrea Ferrantelli* and Bhargav Dave’

Abstract: In philosophy of science, there have been two different starting points for
epistemology: Platonism and Aristotelianism. These two alternative starting points
have played a major role also in the formation of fundamental ideas of engineering
and management generally as well as in relation to construction. It is contended that
an overly Platonic influence on engineering and management has created a number
of problems. For solving these problems, beyond mere patching, a more balanced take
on Platonism and Aristotelianism is needed.

Keywords: Epistemology, Construction Engineering, Construction Management.

1 INTRODUCTION

The ubiquity of the problems in construction — both managerial and technical - is well
known. For tackling these problems, it is necessary to know whether the root causes for
them are abundant and scattered over many domains or whether there are some major
root causes that could be remedied through a few concentrated efforts. In this presentation,
we contend that there indeed exists one major root cause that has hardly attracted
attention, namely unhelpful epistemological (i.e., how we acquire knowledge) choices in
engineering and management.

The paper is structured as follows. First, the intellectual origins of engineering and
management are examined. The findings made allude to the influence of the time-
honoured epistemological contradiction between Plato and Aristotle; this is discussed next,
along with the historical diffusion of their views into engineering and management. An
analysis of the problems caused by inappropriate epistemological views follows. A brief
discussion on conclusions completes the paper.

2 EPISTEMOLOGICAL ORIGINS OF ENGINEERING AND MANAGEMENT

2.1 Rankine - the father of scientific engineering

The Scot William Rankine consolidated the engineering field of structural mechanics in
his books published in the 1850s and 1860s. The book “A manual of applied mechanics”
(Rankine 1872) contains his inaugural lecture to the class of civil engineering and
mechanics at the University of Glasgow in 1858, titled “Preliminary dissertation on the
harmony of theory and practice in mechanics”. In many ways, this lecture is his
programmatic declaration for a science of engineering.
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The novelty he propagated was to utilize natural science, especially physics, for
practical purposes in engineering — earlier these two fields had been considered separate.
Essentially the question was about engineering design: “to plan a structure or a machine
for a given purpose”. The use of physical laws made it possible to accurately predict,
through deduction, the behaviour of a structure or machine, and this in turn made it
possible to pinpoint the best possible, optimal, solution. Thus, he defined the new style of
engineering as a *scientifically practical skill which produces the greatest effect with the
least possible expenditure of material and work”.

According to Rankine, this new engineering contrasts with purely practical
knowledge, providing only approximate solutions, based on prompt and sound judgment
or an established practical rule. This practical knowledge dominated especially in the
realm of making and constructing: “to judge the quality of materials and workmanship, to
direct the operations of workmen.” Rankine did not hide his value judgment regarding the
relative worth of scientific engineering and practical knowledge: “...the engineer or
mechanic, who plans and works with understanding of the natural laws that regulate the
results of the operations, rises to the dignity of a Sage.”

Interestingly, all these hallmarks of scientific engineering exist still today in teaching
and research of engineering: basing engineering on physical laws, definition of
engineering predominantly as design, emphasis on optimal solutions, and use of deduction
as the primary form of reasoning.

2.2 Shewhart — the father of quality

The American Walter Shewhart is considered as the seminal contributor to statistical
quality control, which later evolved into total quality control. His work was stimulated in
the 1920s by the rapidly evolving mass production, which needed methods for ensuring
consistent quality of products.

Shewhart (1931) was not much interested in engineering design but he needed it as his

starting point (he discusses human wants as the starting point of mass production):
The first step of the engineer in trying to satisfy these wants is therefore that of translating as
nearly as possible these wants into the physical characteristics of the thing manufactured to
satisfy these wants. In taking this step intuition and judgment play an important role as well as
the broad knowledge of the human element involved in the wants of individuals.

Here, Shewhart fails to mention the use of physical laws in engineering. Indeed, he is more

interested in production:
The second step of the engineer is to set up ways and means of obtaining a product which will
differ from the arbitrarily set standards for these quality characteristics by no more than may be
left to chance.

Shewhart’s concern was to reduce the gap between the intended and the achieved. How is
this gap reduced? Through the method of science (Shewhart 1939):

Let us recall the three steps of control: specification, production, and judgement of quality. [...] In
fact these three steps must go in a circle instead of in a straight line [...]. It may be helpful to
think of the three steps in the mass production process as steps in the scientific method. In this
sense, specification, production, and inspection correspond respectively to making a hypothesis,
carrying out an experiment, and testing the hypothesis. These three steps constitute a dynamic
scientific process of acquiring knowledge.

These ideas were later transformed into the PDCA cycle (Plan-Do-Check-Act), now
widely known and applied in quality work and lean production.

Again, the basic ideas of Shewhart are today widely used in industrial engineering,
especially in practices of quality and lean production: basing industrial engineering on the
scientific method, focusing industrial engineering on production, emphasis on
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improvement and use of induction (from empirical experimentation) as the primary form
of reasoning.

2.3 Comparison between Rankine and Shewhart

There are definite differences between Rankine’s and Shewhart’s ideas. Rankine’s
main interest is in design in contrast to Shewhart’s focus on production. In engineering,
Rankine wants to use the results of scientific research. In turn, Shewhart suggests the use
of the scientific method — however, the hypothesis to be tested is not flowing from science
but from the practical production context. In so doing, Shewhart (and his followers)
popularizes the scientific method, it should be used in practical affairs, outside science.
Rankine focuses on what is intended, the ideal or optimal solution. Shewhart’s interest is
more in reducing the gap between intended and achieved. In Rankine’s scheme, reasoning
proceeds forward, from ideas to the material world through deduction. Although Shewhart
hardly treats matters related to reasoning, it is fair to conclude that reasoning backwards
is also needed.

Now, the difference between Rankine and Shewhart has interesting initial similarities
to a much older opposition, namely views on science by Plato and Aristotle.

2.4 Epistemologies of Plato and Aristotle

Plato believed that full understanding of the world cannot rely only on perception which
provides only a limited and naive view of Nature. Fundamentally, perception is based on
constant change. Plato therefore discerns between perceptible things (which are unstable
and thus unreliable) on one side, and the so-called “Forms” on the other. The latter are the
only reliable sources of knowledge. Proper scientific reasoning thus occurs only via
deduction from Forms (or specifically, axioms) to something that can be compared to
observations (Ross 1951). Thus, according to Plato, the most fundamental essence of reality
does not belong to the material world, but to the realm of abstract concepts, the world of
ideas.

In contrast, Plato’s pupil Aristotle is convinced that proper scientific knowledge is
grounded on perception. Aristotelian science is about explanation, namely, discovering
causes behind observed phenomena. His scientific method always begins with specific
cases, via observations, and seeks for explanation through induction. This is then applied
to other particular cases by deduction.

Platonism, also called rationalism, and Aristotelianism, also called empiricism, have
then survived to the present time as two competing epistemological alternatives in science
(Fig. 1). At the moment, certain parts of physics, especially string theory, strongly
subscribe to Platonism, whilst data science, for example, is Aristotelian in its extreme
empiricism.

Induction, abduction
Deduction

Ideas World Ideas World

Deduction

Figure 1. a) Platonic and b) Aristotelian epistemology
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3 DIFFUSION OF EPISTEMOLOGICAL COMMITMENTS INTO
ENGINEERING AND MANAGEMENT

The context considered here, namely engineering and management, is of course different
to science. Nevertheless, the epistemological questions require to be responded if progress
is to be made: from where can we have knowledge to base our design and planning
activities, or any productive action? Those leaning to Platonism argue that reason or
theoretical knowledge — broadly, the world of ideas — should provide the basis. In turn,
those subscribing to Aristotle contend that it is the empirical observation that should be
taken as a starting point.

As exemplified through Rankine, the very idea of engineering is to start from
theoretical knowledge; also other hallmarks of Platonism are plain. Although more
Aristotelian views have also existed, especially in the US the Platonic view of engineering
gained a dominating position after the Second World War (Seely 1999).

The emergence of managerial disciplines is connected to the famous reports on the
future management education in the US published in 1959 (Koskela 2017). They proposed
three root stems for business research and education: behavioural science, economics and
quantitative methods. Out of these, economics and quantitative methods were Platonic,
whereas behavioural science was promoted as an empirical science. Out of these,
especially economics, with strong Platonic undercurrents, has been influential. In
economics, the current neoclassical paradigm gained foothold after 1870, with a tipping
point in the 1930s. It adopted contemporaneous physics as its methodological model, and
thus its axiomatic method. Optimal decision on allocation of scarce resources came to be
the leading economic concept.

Certainly, there have been counter-currents. The quality movement that emerged from
Shewhart’s seminal efforts can be seen as the flag-bearer of the Aristotelian approach. The
related lean movement, foreshadowed by scientific management and essentially brought
into completion as the Toyota Production System, is similarly Aristotelian. Especially, the
concept of waste implies that one starts from the material world.

All in all, it can be said that in the realm of productive activities, engineering,
production and management, Platonic approaches have provided the dominant worldview
in the latter half of the 20" century, and still in the beginning of this century.

4 EPISTEMOLOGICAL PROBLEMS IN CONSTRUCTION ENGINEERING
AND MANAGEMENT

The general intellectual trends described above have trickled down to construction
through education (especially at the university level), professional institutions and
methods. They have been offered as modern and superior alternatives to craft-based,
experiential methods in construction, but of course they have not completely substituted
for them. Unfortunately, a number of problems, related especially to the overly Platonic
orientation, have also been transmitted.

4.1 Construction Engineering

The genesis of scientific engineering, as a Platonic endeavour, has directly contributed to
several problems or shortcomings, to be covered next.
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4.1.1 Preoccupation with design at the cost of other stages

As defined by Rankine, engineering is involved in design of machines and structures; the
realization of these is left to men having practical knowledge (although not explicitly
stated, it is obvious that the operation and maintenance is thought of in the same way by
Rankine). This preoccupation is visible in the still widely known definition of engineering
by the American Engineers' Council for Professional Development® (ECPD):

The creative application of scientific principles to design or develop structures, machines,
apparatus, or manufacturing processes, or works utilizing them singly or in combination; or to
construct or operate the same with full cognizance of their design; or to forecast their behavior
under specific operating conditions; all as respects an intended function, economics of operation
or safety to life and property.

Thus, although construction and operation are now recognized as valid areas for
engineering, they should be looked through the lens of design. However, construction and
operation remain underdeveloped areas of engineering. In addition, the Platonic attitude
implies that in design, subsequent stages are hardly taken into account. The following
anecdote from an ethnographic study of an engineering office is revealing (Demian and
Fruchter 2006):

Bart is very much old school in that a building is just an assembly of details, and that there’s
nothing wrong with drawing one detail and completely ignoring the fact that there is another
detail that must interface with it. He just draws all of these details independently and expects the
contractor to figure out how they all fit together.

4.1.2 Preoccupation with optimality at the cost of gap between optimal solution and
what is achieved

Already for Rankine, the optimality of the solution was one hallmark of scientific
engineering. This idea of optimality has been further strengthened by the rise of modern
economics from the 1930’s onwards as well as the evolution of quantitative methods
somewhat later, leading to the approach of “optimal design” from 1960 onwards. However,
there are two problems confronting this idea. As already Shewhart identified, the use
environment of products wildly varies, making the determination of one single optimum
difficult if not impossible. The methods of robust design (Taguchi & Clausing 1990) have
been developed to counter this difficulty.

The other difficulty is that an optimum exists only in the world of ideas; when it is
implemented in the material world, the achievement will more or less deviate from the
optimum. There is a settled term for this deviation in quality and production engineering:
waste. This phenomenon of waste is troublesome for those subscribing to the Platonic view,
and it is turned down in different ways. An argument flowing from the Platonic approach
itself is that waste belongs to the natural, varying imperfections of the material world and
is of low interest in comparison to the pursuit of eternal truths in the ideal world. Another
argument is that optimum as such eliminates waste (OECD 1972): “It is also clear that
optimum production, which by definition means no wastage and the best use of available
resources...”. A third popular argument is that if there is a gap between ideal and material
world, it is a fault of your own or of somebody else. Indeed, so incompatible are the
concepts of optimum and waste that along with the diffusion of the idea of optimal

®ECPD changed its name to Accreditation Board for Engineering and Technology (ABET) in 1980. For
comparison, the current definition of engineering by ABET is as follows: The profession in which a
knowledge of the mathematical and natural sciences gained by study, experience, and practice is applied
with judgment to develop ways to utilize economically the materials and forces of nature for the benefit
of mankind.
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allocation of resources from the (then new) economics after the Second World War, a
stark reduction in the use of the term waste occurred (Koskela, Sacks & Rooke 2012).

4.1.3 Preoccupation with pre-existing knowledge at the cost of contextually captured

knowledge

For Rankine, engineering was utilization of physical laws for the design of machines and
structures. This view of engineering has persisted. Unfortunately, this overshadows the
possibility and need for acquiring knowledge related to the task context, or through
scientific experimentation. Recently, there have been calls to add problem analysis into
the engineering curriculum (Downey 2005). The benefits of acquiring knowledge through
experimentation, trials and tests in engineering (and product development) has in the last
decades been emphasized by many authors (Thomke 1998) and in approaches such as
design thinking (Brown 2008). In construction, these developments have, for their part,
been reflected in the shift of focus from physical models to computer models. The advance
of Building Information Modelling has been instrumental in this respect.

414 Preoccupation with the viewpoint of one discipline

Clausing (1994) sees that the traditional design process has not moved far enough beyond
partial design, i.e., design from the point of view of one engineering discipline. Thus,
according to Clausing, the traditional approach suffers from failure of co-operation
(missing unity within the team) and failure of process (missing clarity with regard to the
activities). This situation has often been called silo mentality; designers prepare designs
from the point of view of their own discipline (without much taking needs of other
disciplines or stages into account) and just send them to the other designers or next stages.
The weakness of this approach is now widely recognized.

4.1.5 Preoccupation with deduction at the cost of other types of reasoning

According to Rankine, the type of reasoning associated with engineering is reasoning
forward (from ideas to the world), deduction. Deduction is especially evident in the task
often called analysis; given a structure, determine its behaviour. In engineering, the
creative design activity has been called synthesis but this term hardly carries any widely
agreed theoretical understanding.

Reasoning proceeding in the reverse order, backwards, is needed when we start from
observation on the material world and want to create knowledge into the world of ideas.
Reasoning backwards takes many forms, such as regressive reasoning (reverse of
deduction), induction (generalization from a sample) and abduction (creative leap to
something new). All these are needed in design and problem-solving, and also when
analysing waste for the sake of improvement. The problem has been that systematic
teaching and training on these types of backwards reasoning is more or less absent from
the curricula of engineering schools. In this way, education reinforces the Platonic
tendencies of engineering. Indeed, one of the difficulties related to the concept of waste is
that investigation of waste requires less known reasoning approaches, rather than the
familiar approach of deduction.

4.2 Construction Management

4.2.1 Production planning and management

The two well-known approaches to production management, push and pull, have their
epistemological interpretation. As it is well-known, push is based on a plan, and pull on
the state of the production system. The former is related to the world of ideas, the latter to
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the material world. The wide experience shows that using (Aristotelian) pushing and
pulling is widely superior to (Platonic) pushing only.

In construction, push-based production management emerged with the invention of
Critical Path Method (CPM) in 1959. CPM was developed in the framework of operations
research, under strong Platonic influence (Koskela & al. 2014). Thus, the question is about
an optimal plan that pushes tasks into execution. In case of a deviation from the plan, the
primary goal is to do adjustments for reaching back to the original plan. Beyond that, there
is no place for learning from observations on execution. Interestingly, verification and
validation are not only missing in a CPM plan, but they have been absent also in relation
to the CPM as a method. Jaafari (1984), after reviewing six themes of critique against the
CPM, states: “...there is nothing inherently wrong in either CPM concept or the subsequent
schedules resulted from its analysis, the fault lies in the way it is applied in practice.” Of
course, this attitude is part and parcel in the Platonic tradition: the starting point in the
world of ideas must be correct, it is the execution in the messy material world that is the
cause of any problems.

In the beginning of the 1990’s, Ballard (2000) realized that invariantly only half of the
tasks in a weekly plan, resulting from the application of the CPM, get realized as planned.
This observation, which made the claim of an optimal plan to collapse, led then to
development of the Last Planner method, an Aristotelian counterpart to the CPM.

4.2.2 Construction economics

The mainstream economic doctrine includes the axiomatic assumption of optimal
productive efficiency of firms. This is accepted in the discipline of construction economics.
For example, in his book on construction economics, Myers (2004) states, in stark
contradiction to the wide evidence on waste in construction:
In any free market economy businesses will never waste inputs. A business will not use 10 units
of capital, 10 units of labour, and 10 units of land when it could produce the same amount of
output with only 8 units of capital, 7 units of labour, and 9 units of land.
Another example on the deceptive power of an axiomatic starting point is provided by
Public Private Partnerships (PPP). They are based on the idea that in creating a single point
of responsibility and a long temporal involvement, the PPP model provides an effective
economic incentive to implement through life management. However, a recent study could
not find substantial evidence on through life management benefits, in spite of wide
application of this model over decades in different countries (Koskela & al. 2016).

5 CONCLUSION

The analyses presented show that the Platonic epistemology has dominated in
construction engineering and management, leading to various problems and triggering
several correctives. However, the common cause for the problems and correctives, namely
inappropriate epistemological choices in the form of overuse and misuse of Platonism, has
not been explicitly discussed and identified.

It is opportune to remind that Platonism has its lasting value as an approach starting
from concepts and ideas; it is thus a better balance between the Platonic and Aristotelian
tendencies in construction engineering and management that is needed. For realizing that,
a wide discussion in the relevant disciplines and professions is requisite. For enabling
future generations of engineers to avoid related problems, it is also suggested that the
foundations of epistemology and philosophy of science should be introduced into
university teaching.
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PLATFORM ECOSYSTEMS: UNLOCKING THE
SUBCONTRACTORS’ BUSINESS MODEL
OPPORTUNITIES

Enni Laine 1, Otto Alhavaz, Antti PeltokorpiS, and Olli Seppéinen4

Abstract: Platform ecosystems facilitated by the internet are changing the way
market mechanisms work. The platform ecosystem business model, using data and
network effects, creates new rules for how value is created and delivered. The viral
growth characteristic to platform ecosystems has already caused disruption in several
industries. The purpose of the research is to explore business opportunities facilitated
by the platform ecosystem business model in the construction sector through an
example case of a residential building construction. The key concepts and
underpinning logics of the platform ecosystem business model are defined.
Interactions between the five lean principles and the platform ecosystem concept are
reviewed. Finally, an example case of implementation is represented with the help of
the platform business model canvas.

Keywords: Lean, platform ecosystem, business model design, network effect,
construction industry

1 INTRODUCTION

While several legacy businesses such as transportation, healthcare, energy, and heavy
industry have faced fierce competition after the emergence of platforms and lost
remarkable market shares to start-ups, the management research over platforms has
proliferated (Parker et al 2016, Thomas et al 2014; Porch et al 2015). The way in which
platforms change the competition by transforming industries is now identifiable (Parker
et al 2016). So far, the construction sector has not been taken over by a platform-based
operator, although there is room for competition since all companies use similar business
models (Pekuri et al 2013). Moreover, despite nearly a quarter century existence of the
International Group for Lean Construction promoting lean principles, the construction
sector’s productivity has not improved (Teicholz 2013).

This research maps and analyses platform ecosystem-based business opportunities
utilised by Uber, Airbnb, Google, and other similar companies from the management
research perspective in the context of the construction sector and Lean. The view of a
General Contractor is adopted because they have the role of traditional matchmakers
called gatekeepers (Parker et al 2016) and are thus most exposed to platform-based
competitors often entering the market from outside the traditional industry boundaries
(Evans and Schmalensee 2016, Alstyne et al 2016).
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The emergence of platform business models is a result of their overwhelming capacity
to remove friction and waste (Evans and Schmalensee 2016), scale without investments
(Moazed and Johnson 2016), and increase customer value by utilising network effects
(Parker et al 2016, Choudary 2015) and excess capacity (Chase 2015). The theoretical
foundations and central concepts of the platform business logics are used to define key
aspects of a platform-based business model. The interaction of the key aspects with the
Lean principles is further analysed. A residential building project case is analysed to
exemplify the use of a platform ecosystem approach as a lean business model to add value
for customers and suppliers in the construction sector.

2 PLATFORM BUSINESS MODEL

2.1 Key concepts

Thomas et al. (2014) have defined four platform streams based on the leverage method and
architectural openness of the platform structure. They are: 1) organisational platforms, 2)
product family platforms, 3) market intermediary platforms, and 4) platform ecosystems.
This research focuses on understanding the underlying logic of the platform ecosystem,
which is combining the logics from both the product family and the market intermediary
streams. The platform ecosystem is architecturally open, orchestrating external resources
as providers, producers, and customers. It uses all three different types of leverage methods
to allow greater outputs from the available inputs. This is done by recombining shared
assets, designs and standards (production leverage), facilitating the creation of new goods
and services (innovation leverage), and by manipulating market pricing mechanism and
access to reduce friction such as transaction and search costs (transaction leverage).
(Thomas et al 2014)

Chase (2015) states that the platforms mobilise value which is hidden to excess capacity
by engaging community and their assets, time, expertise, and creativity to collaborate
through a participative infrastructure. The control of the overall product or service system
is relinquished to a community of users in the roles of producers and consumers. The
scaling of the community happens through a positive network effect which is a cycle where
an increase of well managed value-creating actions increase the value of the platform
which in turn attracts more users, increasing again the value-creating actions (Parker et
al 2016, Choudary 2015). As the business logic is based on interaction and open access,
coordination is needed for both maximising the value and the ease of use equally for
providers and consumers. Control is mandatory for separating the best users from the rest
and expelling the poorly behaving ones from the platform (Choudary 2015). Bi-directional
rating and reputation mechanisms as well as personalisation of the service are examples
of curation for users (Choudary 2015). A governance system is needed for orchestrating
the platform in terms of participation management, value division, and resolving conflicts
between producers and consumers (Parker et al 2016).

To gain positive network effects and viral growth, it is important to 1) reach critical
mass to facilitate value creation (Evans and Schmalensee 2016), 2) take care of real-time
customisation, curation and governance to manage the community (Choudary 2015), and
3) ensure that the selected value proposition of the platform is relevant and of high value
for the users (Alstyne et al 2016). Choudary (2015) claims that two key components of the
platform often neglected by traditional pipe-based businesses, which try to implement a
platform concept, are 1) agile response to changing usage patterns and 2) continuous
management of the platform health. These and the other underlying key mechanisms of

178 | Proceedings IGLC | July 2017 | Heraklion, Greece



Enni Laine, Otto Alhava, Antti Peltokorpi and Olli Seppédnen

the platform ecosystem are based on the underlying data acquisition and management
structure. Traditionally the currency exchanged in the economic interactions is
understood as money, but when platforms are considered, the data or social currency such
as reputation may be equally or even more valuable than the actual monetary transactions
provided by the value-creation activities in the platform (Choudary 2015).

2.2 Platforms from construction sector’s perspective

Legacy business model designs in the construction sector are often based on the pipe model,
which is the dominant business design in the industrial economy (Choudary 2015). In the
pipe model the flow of value is linear and it is first produced upstream and then consumed
in the downstream.

Major part of the value is created by these actors although
they are far away from the customer

2

Supplier
| P - Subcontractor
[ Supplier
Sub- Sub- .
contractor contractor Supplier

| Sub-contractor

Producers

Architect
Structural
engineer
HVAC
engineer
Interior
designer

Main
Contractor

Developer

Consultant

Producers

Figure 1: Traditional pipeline model with gatekeepers in the context of
construction sector

Figure 1 presents the standard relations (green dots) of the actors in the construction
process where the producers such as subcontractors, architects, engineers, and suppliers
are rarely in direct collaboration with the consumers. Instead, the process and flow of value
from producers to consumers is managed by inefficient gatekeepers (Parker et al 2016);
namely developers and main contractors. These actors usually compete with resource
ownership and control (Choudary 2015).
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Figure 2: two-sided platform example and key parts of platform process
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Evans and Schmalensee (2016) argue that many of the formulas of the economics of the
traditional business models are not valid when considering platforms. Unlike the pipe
model, the platform business model represented in Figure 2 orchestrates value-exchanging
interactions between various ecosystem partners (A’s and B’s) simultaneously, while the
platform infrastructure utilising data collected through platform is replacing the
gatekeepers (Choudary 2015).

Value creation is maximised by matching the most relevant resources from producers
(A’s) in the ecosystem with the need of those resources (B’s). An easy plug-and-play
connectivity reduces transaction cost by replacing existing expensive lock-in procedures
such as the standard tendering process, which according to Hughes et al (2005) accounts
for up to 9% of the subcontractors’ annual turnover.

Moazed and Johnson (2016) summarise the delta between the pipeline business model
and the platform business model in terms of cost efficiency and scalability: in the pipeline
business model, a new user adds a single relationship (sub-contractor in Figure 1) whereas
in a platform a new user (“A” in Figure 2) adds on a potential relationship with all the
other users (B1, B2, etc.). Therefore, the platform business model replaces the linear
pipelines due to a higher cost efficiency and exponential growth potential.

3 PLATFORMS AND LEAN

To understand if and how the platform principles interact with Lean theory, the five
principles of Lean introduced by Womack and Jones (1996) are used to review the key
concepts of the platform business model. The principles are Value, The Value Stream, Flow,
Pull, and Perfection.

Value of goods and/or a service can only be defined by the customer. The concept of
value also embeds a principle to improve the performance and delivered quality while the
fundamental costs of deliverables are steadily pushed down (Womack and Jones 1996).
According to Moazed and Johnson (2016), platforms capture data from each transaction
and record bi-directionally the transaction satisfaction of both producers and consumers.
This information is further used in the algorithms of the platform to match the most
valuable producers with the individual needs of consumers. Also, these platforms reduce
costs by removing unnecessary gatekeepers, i.e. pipeline companies. The very essence of
platform ecosystem orchestration is in line with value definition.

Value Stream stands for three critical steps: problem solving, information management,
and a physical transformation task (Womack and Jones 1996). The Value Stream is an
approach in the pipeline system whereas the platform, although aiming to solve customer
problems in a desired way, does not work as the Value Stream but rather as a value
network. The platforms only flourish if they succeed in matching the right producer for
the consumer and delivering maximised value for them both (Parker et al 2016). Therefore,
they are in line with the lean principle.

The third lean principle is Flow. Lean organisations focus on a steady flow from one
activity to another without interruptions. The platform ecosystem replaces entire
companies, i.e., gatekeepers, from the value chain when they introduce a new business
model, which removes end-to-end friction from a market of pipeline companies (Parker et
al 2016). Platform ecosystems extend the concept of flow from the individual company
and the individual project to the ecosystem level.

The fourth principle, Pull, is embedded in the platform logic. A successful platform
creates a network effect, which increases the value of the platform for each participant of
the platform every time a new producer or a new consumer plugs-in to the platform and
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increases the double-sided pull. A platform owner balances the demand and supply by
adjusting the pricing. (Evans and Schmalensee 2016)

The platform business model is a powerful tool for Perfection. Platform ecosystems
compete not only with pipelines but other platforms. In the future, it will be more common
for consumers or producers to be engaged in more than one similar platforms (Parker et
al 2016). These multi-homing participants will foster Perfection. The real-time feedback
cycle with the big data management enforces the community to act against waste, while
the governance system prevents bad behaviour (Choudary 2015). The continuous strive
towards Perfection is built-in to the curation processes and governance systems of
platforms.

All five Lean principles are naturally embedded in the success factors of the platform
ecosystem. Especially Flow, while it is a key factor for a successful construction project,
needs to be further addressed as it has not been sufficiently addressed by the current
gatekeepers. Overall, platforms highlight the importance of understanding and embracing
of customer value, which according to Pekuri et al. (2013) has been long overlooked by the
construction sector.

Moreover, while it has many useful aspects to support the Lean implementation, the
platform ecosystem is a new concept for the Lean Construction community. When
searching the IGLC conference paper database with the term “platform ecosystem”, no
results appear. However, the search "platform" returns 13 results. In two cases the platform
is used in the context of the production family platform (Jensen et al 2013, Kalsaas 2013).
In three other cases a software platform facilitating real time information sharing was
discussed (Azambuja et al 2013, Dave et al 2010, Faloughi et al 2014) but these software
platforms, although considered an essential part of a well-functioning platform ecosystem,
do not alone comply with the platform ecosystem framework. The rest of the papers
utilised the term “platform” in a different context than the one used in this research.

4 CASE STUDY: RED VELVET ROSE WALLPAPER

4.1 Case description

A restriction of the conventional value creation mechanism utilised in the legacy pipeline
based construction process is demonstrated by a customer change example. A buyer of an
apartment (customer) finds a developer’s wallpaper selection unsatisfactory. The
developer’s assortment, although designed to provide alternatives to the customer, is
limited due to standardisation. The rationale for the standardisation from the developer's
perspective is to reduce additional transaction costs and variation in the process caused by
the customers’ change requests.

Instead of selecting from the standard assortment, the customer requests for red velvet
rose wallpaper from a specific producer, which is not available through regular purchasing
channels. A negotiation on how to proceed with a non-standard change request is
conducted within the production pipeline. It is agreed that if the customer will purchase
and deliver the material, a sub-contractor can install it.

Figure 3 presents the communication flow of the change request through the pipeline
process. When the change request is analysed from the gatekeeper's perspective, it is often
only considered waste or variation that should be minimised to ensure the flow in the
process. However, when observed from the consumer’s perspective, the completion of the
request is of high value.
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Figure 3: Case example: the purple arrows show the communication flow, whereas
the small yellow circles represent the points of communication

Since the demand from the sub-contractor’s current direct customers (main contractors)
has lead them develop their business model to be excellent in working with standard
assortment, the completion of a non-standardised customer request requiring different
skills results in poor quality and needs to be rectified. The rework leads to value destruction
of both the customer and the sub-contractor since the hand-over of the apartment is
delayed and the rectification costs including purchase of the wallpaper are borne to the
sub-contractor. Gatekeepers suffer the least since they are only coordinating the work.

4.2 Platform business model implementation

The platform ecosystem replacing the traditional pipeline based construction process
provides a solution for removing the transaction cost, reducing the number of gatekeepers,
and creating more value to the consumers and producers with less investment and
contribution. The hypothetical implementation of the case example is depicted in Figure 4
by utilising the platform business model canvas introduced by Choudary (2015).

In the case example the platform’s producer is the sub-contractor and respectively the
consumer is the apartment buyer. When applied to the wider construction sector’s
perspective the producers can also include suppliers, architects and interior designers,
whereas the consumers can be individuals or groups in need of construction services
and/or building products or materials.

Producer Channels + access control Value Channels + filters Consumer
Supplier, Channel: For consumers: unlimited assortment offering || Channel: Webpage, || Apartment
Subcontractor,| | Webpage, applications, etc. for building parts, equipment and materials, applications, real buyer
nterior lean production system, efficient execution of works and increased estate agent, etc.
designer, Access control: quality innovative customised service offerings Filters: Relevancy
farchitect, workmanship, honesty and For producers: direct access to the consumer || based on budget,
engineer etc. ||responsibility, offering demands, possibility differentiate offering, flow || previous interest,

compliant with interface of work and information, reduced bidding cost || size, etc..
standards Core unit of value creation: Profile listing
Creation | | Curation & Customization | | Consumption
Standardized interface to plug in service Curation of the construction process  Visualisation of the offering alternatives in the
offering or products apartment, newsfeed, special offers etc.
Platform

Tools and Services (standardised production system with standardised interfaces, lean construction)

Currency Capture
Money + reputation Share of every job (production package) completed

Figure 4: The case example depicted on the platform business model canvas

The key tools of the case platform are a Lean production system and standardised
interfaces between production packages. The purpose of the Lean production system is to
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facilitate flow of the process. The production packages and interfaces divide the works
into pieces small enough to manage which further enables providers to create diversified
offerings. All basic platform principles including the real-time customisation, curation and
governance as well as controlled standard access channels through webpages and mobile
applications need to be in place. The access of the producers is controlled by construction
professionals to ensure the quality and relevancy for the consumers whereas the services
and products offered to the consumers are filtered based on their interests and prior
behaviour on the platform.

The value of the platform for the producers includes 1) efficient resource allocation
matching the consumer needs, 2) continuous flow of activities and standardised interfaces,
3) just-in-time delivery of consistent information facilitated by advanced data
management, and 4) minimised tender costs with plug-and-play access to the platform.
Moreover, the direct interaction between consumers and producers unlocks the unmet
demand for customised offering enabling producers to diversify both their offering and
business model design. The value proposition for the customer is thus composed of a
personalised, high quality, low price apartment combined with a shorter throughput time
of the work and diversified offering from the various producers. Additionally, the platform
has potential to open new business opportunities to innovative producers that are unable
to provide any services for the consumers in the existing market environment dominated
by legacy pipeline process.

The main currencies that are exchanged as a result of value-creating actions are money
and the reputation of the users. The capture, i.e. the return of investment, for the platform
owner is composed of two main components: the data collected on the platform and money.
The operator takes a cut of each transaction whenever money is exchanged through the
platform. The underlying collection and orchestration of the data necessary for
governance, curation, and filtering purposes facilitates the further potential advantages of
the platform business model. The real time social feedback cycle works as a powerful
distributed quality control quickly revealing mechanisms resulting in poor quality
construction work. Moreover, the monetisation opportunities of the data gathered by the
platform are unthinkable for the legacy construction process actors.

5 RESEARCH LIMITATIONS

This research is based on a literature study and an exemplary case. The target of the case
is first to demonstrate a failure of the value creation mechanism utilised by the prevailing
pipeline-based business model in the Finnish construction sector. Secondly, it hypothesises
a few aspects of platform ecosystem’s value creation potential in the construction sector.
To test and implement a platform ecosystem based business model in the construction
sector, further research is needed.

6 CONCLUSIONS

This paper demonstrates through an example that there is space for improvement in value
creation in the construction process. The platform ecosystem has the potential to work as
a tool to develop leaner practices in the sector. However, it was also noted that although
the key platform principles are in line with Lean principles, the platform concept as such
does not sufficiently address all of them. It is crucial to develop a platform architecture
that enables and supports the flow of concurrent and sequential value-creating activities
needed in construction projects. To conclude, acknowledging the limited scope of this
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research it is recommended that platform ecosystems are studied further within the
construction community.
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AN APPLICATION OF CONTROL THEORY TO VISUAL
MANAGEMENT FOR ORGANIZATIONAL
COMMUNICATION IN CONSTRUCTION

Koichi Muratal, Algan TeZelz, Lauri Koske1a3, and Patricia Tzortzopoulos4

Abstract: Insufficient process transparency is one of the main reasons for process
waste, quality deviations and safety non-conformances in construction. Lean
Production frequently resorts to a range of visual communication strategies called
Visual Management (VM) to increase the level of process transparency and to
support continuous improvement at the workplace. Although VM is a fundamental
part of the Lean toolbox, theoretical or empirical studies on the role of VM in team
activities are scarce. This study explores VM in construction through a block
diagram used in control theory. Two VM tools for construction teams from
construction companies in the UK and Japan are analysed in detail. The initial
findings suggest that VM can and must cover various communication levels in
construction organizations in order to break the barriers for information flows and
to share valuable and newest knowledge.

Keywords: Lean construction, Visual management, Communication, Control theory.

1 INTRODUCTION

Despite the rapid advent of digital visualization technologies in construction,
conventional visual tools, an information board or an idea generation post-it, have also
been utilized to cover the functions which the IT-based visualization cannot effectively
present. This type of conventional visual tools are often utilized to improve process
transparency. There are many studies on the role of conventional VM in factory
management in the manufacturing industry (Greif 1991, Mestre 2000). Although similar
research for the construction industry (Murata 2015, Tezel 2015 and Tjell 2015) has
recently increased in the context of lean construction, there is a need for further
understanding of VM in construction to help constitute a VM theory and to guide
construction practitioners who design and install VM tools in their work environments.
Based on this recognition, this paper aims at the introduction of a generic theoretical
approach to VM as well as at the demonstration of its application to construction.

The paper is structured as follows. The following section presents the adopted
theoretical and methodological approach to VM.  Next, the characteristics of
communication in the construction industry are analyzed, and based on this analysis and
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the theoretical model of VM, two construction VM tools are examined. A discussion of
findings and concluding remarks complete the paper.

2 THEORETICAL AND METHODOLOGICAL APPROACH

In the study, a graphical block diagram from control theory (Davis 1993) is applied to
explore a VM system. The method has been widely known in mechanical engineering,
inventory management, and supply chain management. As part of the theory
development, a conceptual approach to VM and a number of generic requirements to
VM tool design are presented in the following.

Let us describe a VM system through the mentioned method (Figure 1). The optimum
performance O is the input data, the actual performance 0o is the output data and the
difference between these two data e (=01-00) is an error. Variations in management
resources Or (workers, materials, machines, etc.) create disturbances to the production
system K; as a controlled object. The VM system K, determines a manipulated variable p
to minimize the difference e. The variable p is an input to the production system Kj.

&
e,$ K, 2 T K, 0

eR

Figure 1: A production system (K;) with a VM system (K3).

The analytical method used in this paper is demonstrated in Figure 2. It shows the
inside of the VM system Kj in Figure 1. Within the framework, VM systems are thought
of as tools that support communication between humans and the production systems that
are managed by humans. The framework has three components: a) humans as a receiver
of error information « and an executor of p, b) the production system K; managed by
humans, and c) a tool to realize VM. This framework aims to represent two key items: 1)
a reaction p requested by the production system from the humans, and 2) functions of
the tool.

Ke

Transmission Creation X
(a) (e) Production

Human Tool System
(K;)

| !

Reaction

(M)

Figure 2: The basic mechanism of a VM system (Murata 2016)

The reaction p is a human action requested by the production system when it fails.
When designing a reaction, its comprehensibility and the level of expertise/experience of
the human, of which the relationship seems to be a trade-off, as presented in Figure 3,
need to be considered thoroughly.

186 | Proceedings IGLC | July 2017 | Heraklion, Greece



Koichi Murata, Algan Tezel, Lauri Koskela and Patricia Tzortzopoulos

Answer to solve
problem

Comprehensibility of
a reaction

Warning to inform
occurrence of problem

Level of expertise/

Low experience of the human

High
Figure 3: Relationship between expertise/ experience level and indicated
information level

For the second item, two tool functions, namely creation of information & and
transmission of information @, need to be designed. In the first function, a visualized
item created by the production system is designed and sent from the system to a tool.
When designing this function, the non-ordinariness and continuity of the created
information need to be considered. The non-ordinariness needs to be designed to notice
when a visualized item needs to be created. When the production system is in the
ordinary condition, the tool is not required to work. This tool’s important role is to
handle a special situation within a production system. With regard to continuity, the tool
must have a structure to monitor the typical conditions of the production system in order
to grasp special situations at any time as they arise. In the second function, the visualized
and created items are provided from the tool to a manager or an operator. When
designing this function, the inducibility and immediacy of the delivered visualized item
need to be considered. With regard to the former, the tool needs to have appeal for
operators because their physical and mental condition may not always be stable. In order
to improve the capability of inducibility in the tool, it is necessary to build a device that
attracts the operator's attention to the tool. With regard to the latter, the timing of
delivery of the created visualized item has to be when an immediate reaction is required
to the prevailing condition of the production system.

Two VM systems, from the UK and Japan, are analysed using the following three
research questions related to the model shown in Figure 2.

1. What are the three components?

2. What do the managed system require of you when it fails?

3. How do you visualize?

- What do you visualize?
- How do you design a device to attract attention?

3 ANALYSIS OF VM SYSTEMS

3.1 Nested Communications in Construction Industry

Construction projects are executed at the same time and in different locations. Many
different specialists join one project according to the plan progressing by turns. While
the former causes a geographical boundary, the latter draws out a temporal boundary for
communication. This two-boundary structure has other structures nesting inside it. Each
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structure involves each worksite of each project at present. The characteristics of
communication in the construction industry is shown in Figure 4.

Geographical boundary
Other
project 9

Head office .

Your
project Your P
worksite 9 %

You Tomorrow's You Other specialist

At present Next term
Temporal boundary

Figure 4: Nested structure model of communications in the construction industry

Two analysed VM tools shown in Figure 5 are 1) a daily communication tool among
project members and 2) a report method at one company for the worksite, local office
and the head office. The first investigated object, which is used to break a temporal
boundary for communication, is from a major improvement project in England’s
strategic highways network. The second object, which is used to break a geographical
boundary for communication, is from an information sharing system used in a
construction company located in Japan.

Time schedule To-do list
— Work-site
—
—/ Report for preset condition of a project
|:,I_| Judge Comment

1.Progress [

2. Cost |

3. Quality |

4. Safety

5. Environmental

A manager at work-site
System 1 System 2

Figure 5: Schematic illustration of the two VM systems
3.2 The first VM System

A progress chart is used as an important tool for daily communication, in order to draw
the plan of a project, to ascertain whether it has progressed as scheduled or not, and to
re-schedule it, if it is late. The UK company have been using some progress charts, and it
was found by observation that their design procedure consists of three selection steps
explained as follows.

The first selection is how to make a progress chart as the base to comprehensively
manage a project on a worksite. One option is an object drawn directly on a whiteboard.
The other option is an object printed from a scheduling software. The initial design of
the former and its continuous customization are definitely laxer than the latter, of which
the format is fixed but which is easy to print.

The second selection is a time schedule like a Gantt chart or with the diagram of a
structure plan. Regarding both alternatives, the length of a term of a project indicated in
a time chart needs to be decided, for instance, one day, one week or two weeks and so on.
In some cases, time charts are also used with strings in the case company. The length
and the slope of each string express the length of one process and the degree of its
progress. Colourful magnets are also put to represent construction machines and
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materials on the board. The latter will be better in a case that a finished product is
difficult to imagine because of the phased progress of processes in a long-term project.

A whiteboard for a To-do list is added next to a progress chart in the third selection.
The discussion of prompt action with the direct-writing onto the To-do list is considered
as efficient management with a process chart. The addition of an application rule of the
whiteboard is necessary to continuously prevent the emasculation of it. Coloured post-it
notes and/or colourful marker pens are also useful to promote problem-solving.

3.3 The second VM System

Construction projects in the case company in Japan are managed by three actors;
managers at the work-site, local offices, and head office. The managers at the work-sites
actually execute the construction projects. They must report the project progress to the
local offices, to which each of them belongs, every month.

In this report, they describe the present condition of their projects from six
viewpoints: plan progress, cost, quality, safety, environment, and others. They also
evaluate each item with three colours: green, yellow, and red, similarly to the andon, the
Japanese word for a stack light with several colours to support just-in-time operation.
Green means that the project performance is on track. Yellow means that the project is
susceptible to problems (problems are expected). Red means that the project has
problems in the corresponding measurement parameter. The local offices evaluate the
present condition of a project coming in through the report and send it to the head office.
The head office performs a final evaluation and decides on a support level, which
consists of three levels. The first level (green) designates keeping watch on a project. The
second level (yellow) requires support from an expert on a problem that needs to be
solved. The third level (red) requires support from a team of experts on a problem that
needs to be solved. The execution of the performance reporting is similar to the andon
system.

4 DISCUSSION

The comparison of the analysed results of the two tools are summarized in Figures 6 and
7.

As for the analysis of the first tool, the type of the production system is a worksite
(K4). The human attribute is project members. The VM system is a progress chart used as
a daily communication tool (K;). The reaction (n) from the project members to the
worksite is designed to deliver quick and adequate actions for the project at the worksite
level. The design of the two functions to create information (¢) and transit of the created
information (@ ) performs in the three selections described in Section 3.2. The items
visualized in the former function are the progress of a project, the length of the term of a
project, the diagram of a structure plan, machines, materials, and a To-do list. The base
to transit the visualised items in the latter function is an object drawn directly on the
whiteboard or an object printed from a scheduling software. There are many visual
artefacts such as a time chart, the diagram, a drawing, a picture, a photograph, a string,
colourful magnets, colourful post-it notes, colourful marker pens, and a direct-writing on
the base.
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Project Progress Work
members Chart -site

| !

Figure 6: Conceptual diagram of the first VM system

As for the analysed result of the second tool, the type of system is a worksite (Kj).
The human attribute is both a local office and a head office. The VM system is a report
of the present condition of the project (K3). The reaction () from the local office and a
head office to the worksite is designed to deliver quick and adequate support for the
project. For the ‘how to create information’ (e), the work site describes the present
condition of a project from the aforementioned six perspectives every month and
evaluates each item using three colours. For ‘how to transmit information’ (& ), the local
office and a head office evaluate the judgment of the present condition of the project by
the work-site and decide support levels based on this evaluation.

Report of
Head Local present Work
office office condition of -site
project

Figure 7: Conceptual diagram of the second VM system

5 CONCLUDING REMARKS

The paper delivers three contributions in relation to VM in construction. First, a generic
conceptual approach to VM is provided, along with a discussion on design criteria of VM
tools. Second, the characteristics of a communication model for the construction industry
are proposed. The design of a VM system for smooth information sharing must start
with considering this complicated and obstructive structure. The third is the description
of the roles and functions of two VM tools to overcome the boundaries in the proposed
communication model. The analysis of the two systems revealed the roles and functions
of VM; (1) a managed system, (2) an attribute of a receiver of a visualised item, and (3)
an action requested by a managed system from the receiver as the roles, and creating
and transmitting the visualised item as the functions. The analysis demonstrates that the
generic conceptual approach to VM can be used also in construction.

The initial finding of the research is that VM can and must cover various
communication levels in construction organizations in order to break the barriers before
information flows and to share valuable and newest information. As the collection of VM
tools corresponding to all the boundaries indicated in the communication model is not
complete, the study needs to continue in the future using the same VM analysis logic.
Furthermore, it is important to launch an evaluative analysis of existing VM tools in
construction, based on the generic requirements identified, and proceed towards a
prescription in terms of practical design criteria for VM tools. Additional research is also
necessary to compare and contrast the realization of VM in different countries through
an international survey project.
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HIERARCHY OF VALUE PERCEIVED BY GROUPS OF
USERS ABOUT THEIR NEIGHBOURHOOQOD

Michelle Nascimento da Silva ' and Luciana Inés Gomes Miron

Abstract: The value perceived by the client is a concept that has attracted a growing
interest among Lean Construction researchers. The perceived value, associated with
the Means-End Chain Model and the laddering technique, has allowed for the
understanding of the personal values influence on the users’ perception of value. The
application of this concept regarding the built environment on the neighbourhood,
scale has the potential for contributing to the concept of value consolidation. The aim
of this paper is to identify and compare the perception of value of two user groups of
a neighbourhood. The research strategy adopted was case study. The main study
contributions refer to the contribution of the perception of value knowledge in the
complex relationship between users and the built environment.

Keywords: perceived value, personal values, means-end chain, laddering,

neighbourhood.

1 INTRODUCTION

The application of the perceived value concept has attracted the interest of a number of
Lean Construction researchers (Santos et al. 2004; Lima et al. 2009; Miron and Formoso
2010; Bonatto et al. 2011; Brito and Formoso 2014; Peltokorpi et al. 2016) due to its
potential for contributing to the consolidation of the concept of value. Woodruff and
Gardial (1996) state that the value perceived by the client is “the consumer perception on
what they want to happen in a specific situation of use, with the help of a product or a
service offer, in the sense of reaching a proposal or goal.”

In a wider context, built environment researchers have identified the value perceived
by their clients as a relevant concept, backed up by extensive research related to definition,
understanding and the attempt at measuring the perception of value by the clients and
users (Coolen and Hoekstra 2001; Coolen 2006; Miron and Formoso 2010; Zinas and Jusan
2010; Bonatto et al. 2011; Kowaltowski and Granja 2011; Zinas 2013; Brito and Formoso
2014; Hentschke et al. 2014). Most of these investigations have adopted approaches of the
marketing field as a reference. In these investigations, the perceived value has been
associated with the concept of personal values, which results from social psychology
(Rokeach 1973).

Despite the potential of this approach for value perception analysis of users and clients,
there is still a lack of research focusing on the built environment on the neighbourhood
scale. Most of the existing studies on the built environment has focused on the scale of
buildings. The neighborhood scale has a greater complexity because of the number of
different typologies of buildings, infrastructure and large number of users (residents,
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traders and frequenters. Besides this, the personal values dimension (Rokeach 1973; 1981)
has not been properly explored in the investigations related to the built environment.

The built environment ‘neighbourhood’ can be understood by its plurality of usages,
users, and stakeholders, as well as by the coexistent negotiations and conflicts resulting
from this overlapping of interests. Thus, the neighborhood has been presenting itself as a
problem of use management of great complexity. Considering this, the investigations on
the perception of value in neighbourhoods has the potential for contributing to the
knowledge of value generation in the complex relationship between users and the built
environment.

This paper reports part of a master's degree research in which one of the research
questions was: what are the relationships between personal values and the perception of
value of user groups (residents and traders) of a neighbourhood? Because of the absence
of identified knowledge, taking the Means-end Chain Model as a theoretical base, this
paper aims at identifying and comparing the perception value of two user groups of a
neighbourhood. Identification is understood as the deployment of the relations between
the personal values and the perception of value by the user groups.

2 PERCEPTION OF VALUE AND PERSONAL VALUES
2.1 Means-End Chains and the Hierarchy of Perceived Value for the User

The examples of the marketing field research that contribute to the understanding of the
perceived value by the clients and users are the Means-End Chain Models (Gutman 1982;
Reynolds and Gutman 1988) and the hierarchy of perceived value (Woodruff and Gardial
1996; Woodruff 1997). Strongly based on the Means-end Chain Model proposed by
Gutman (1982), Wooddruff and Gardial (1996) organized the hierarchy of value model,
which proposes that the clients' perception can be presented through a value hierarchical
model with three levels of interconnected abstraction: the product attributes, the
consequences of the use of a particular product and its user's personal values.

According to Gutman, a widely applied method to build Means-End Chains is the
laddering technique. In this technique, beginning with in-depth interviews, clients
(consumers, users) translate the products' attributes into their resulting consequences, and
the consequences are, in turn, translated into personal values orientation (Gutman 1982).
Through the laddering technique, it is possible to identify the client's (user's) web of
meaning. The constructs are directly connected and form a hierarchy: attributes,
consequences and values (A-C-V). This hierarchy can be represented by ladders, which
facilitate the understanding of the connection between the more concrete levels (attributes)
to the more abstract ones (consequences and values). The ladders assist in the subject’s
(user's) mapping of the hierarchy of value (HVM).

2.2 Personal Values

The concept of personal values was presented in investigations of the sociology field
(Thomas and Znaniecki 2004), and also those of anthropology (Kluckhohn 1968). In the
domain of social psychology, Rokeach (1973) and Schwartz (1992) are the most cited
authors in the organization of theories on personal values. The studies coming from these
different knowledge areas have affected marketing research on the perception of value. In
this regard, Woodruff (1997) states that the client's (user's) perception of value is
associated with personal values. Woodruff (1997) defines the personal values as being
lasting, relatively stable, intrinsic beliefs that consist of mental representations of need,
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and which are used by subjects as a base for equating decision and conflict processes.
Moreover, these 'needs' help to explain why consumers make decisions (purchase and
consumption) differently (Woodruff 1997).

Rokeach (1973) distinguishes personal values into instrumental (means) and terminal
(ends) values. According to the author, this difference between personal values makes it
possible to consider the existence of a functional relationship between the terminal and
instrumental values. For Rokeach (1981), the terminal values are the favourite final states
of existence; on the other hand, the instrumental values are the favourite social conduct
and behaviour modes to achieve personal goals. The difference between personal values is
relevant because it is employed in the stratification of the hierarchy of value. In the
marketing field, personal values have been studied because they affect the perception of
value in product use and purchase. In the built environment, personal values could help to
understand the client’s perceived value, as well as the attributes that can generate value
in a project. In the environment built on a neighbourhood scale, the influences of personal
values on the users' perception of value can help in the negotiation of conflicts related to
neighbourhood management.

3 RESEARCH METHOD

The research strategy adopted was case study because a contemporary phenomenon
within its real-life context was investigated; where the boundaries between phenomenon
and context are not clearly evident; and in which multiple sources of evidence were used
(Yin 1994). The research was made in the Cidade Baixa neighbourhood in the city of Porto
Alegre, southern Brazil. In this neighbourhood, the Town Hall formed a Work Group (WG)
with the aim of equating the conflicts of interest between two user groups: residents and
traders. Nightlife noise was the main conflict negotiated between the user groups. The
WG, through a municipal decree, readjusted the working hours of the night trading places
(bars, restaurants, coffeehouses, and diners). The nocturnal activities (gastronomy and
entertainment) are important and profitable for traders, but they generate noise and
disturb the rest time of the residents. The selection of these two user groups was based on
the engagement of both in the negotiation of the conflict regarding neighbourhood
management. All users involved in the negotiations were part of associations (residents or
traders).

Table 1: User Groups, Population and Sample Collected.

User Groups Number and Type Population (N) Collected Sample (n)
Residents 90 residential units 90 7
Traders 67 trade facilities 67 6

To define the sample collected, the population, the response saturation and the time
required for the research development were considered. The population was considered as:
the number of all engaged residents (members of residents' associations) and the number
of all engaged traders (members of traders' associations). The respondent selection was
made based on a simple random sample. Saturation was considered according to Coolen
and Hoekstra (2001): "when the interviews do not produce any new information one stops
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the interviewing because the exploration process is saturated". Table 1 presents the user
groups, population, and sample collected.

The perception of value of both groups was presented through the application of the
laddering technique and HVM. The laddering technique was applied in two crucial steps:
1) data collection and b) analysis and interpretation results.

The data collection was made between October and November 2013. A semi-structured
in-depth interviewing script was organized in which the following constructs were
addressed: Coexistence, Accessibility, Image, Environmental Comfort and Safety
(previously identified in the exploratory phase of the research). Interview script pilot trials
had been made in the Cidade Baixa neighbourhood with representatives from both
engaged user groups (which are not part of the final collected sample).

3.1 Results Analyses and Interpretation

To perform the generated results analysis through the laddering technique, four steps were
followed: a) Content Analysis; b) Generating the Implication Matrix; ¢) Constructing the
Hierarchical Value Map - HVM; and d) Determining Dominant Perceptual Pathways (cut-

off).

Table 2: Example of summary-codes generated in the research.

A-C-V Sequence

Terminal HAPPINESS - well-being, feeling well, personal satisfaction, better life,
Values living well, optimizing life.
Instrumental ORGANIZATION - neat, clean.
Values
Psychosocial TRANQUILITY - silence, rest, relaxation, ease, quiet, concentration,
Consequences privacy, sleeping
Functional ENVIRONMENTAL COMFORT - appropriate furniture, appropriate
Consequences environment for specific use, clean, dimensions, security, thermal comfort.
Abstract MAINTENANCE - well maintained, preserved, clean, quality of the place,
Attributes well preserved, good pavement.
Concrete INFRASTRUCTURE - transport, lighting, urban cleaning, rubbish
Attributes collection, green areas, trees, parks, vegetation, pavements/streets and
roads, large pavements, bikeways, traffic lights, parking areas, underground
parking, traffic signs, entry sign, sanitation.

Considering the contributions of Zinas and Jusan (2010), the categorizations of each
element were sub-divided into: (F) Abstract or Concrete Attribute; (C) Psychosocial or
Functional Consequence; (V) Terminal or Instrumental Value, thereby creating a chain
(sequence A-C-V). Based upon this, the summary table was created with the codes of the
elements. For example: for Concrete Attributes, one possible code is
“INFRASTRUCTURE?”, which represents a range of words mentioned by the interviewees.
Ultimately, starting with the attributes, the interconnected elements were identified,
driven by the A-C-V sequence. The ladders were formulated to represent in summary the
respondent's way of thinking. Table 2 presents an example of the summary-codes
generated in the research.
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All data were inserted and processed in the LadderUX’ tool. This resource was only
applied in the results analysis and interpretation results step. The A-C-V sequence
elements were decoded and separated, thereby generating the ladders. The subjects'
ladders were inserted in an implication matrix, showing all existing relations between the
items. Subsequently, predominant associations between the said items were graphically
represented in the HVM.

4 RESULTS AND DISCUSSION

The HVM and laddering technique allow for the clarification of a wide range of
connections between the main attributes of the neighbourhood and the main personal
values. Substantial input was required regarding theoretical basis, constructs definition,
and the main neighbourhood attributes identification, as perceived by both user groups.

The laddering technique demanded specific attention regarding the definitions of each
summary-code and construct used in this work. More in-depth research was required for
the summary-codes definition in the base theory of environment-behaviour, for example,
infrastructure, mix of uses, maintenance, accessibility, image, environmental comfort,
sense of security; social science, for example, counter-uses, bohemian neighbourhood,
sociability and coexistence; social psychology, for example. instrumental and terminal
values; and marketing, for example, perception of value and means-end chains A-C-V)
areas. Table 3 shows the main results obtained through the laddering technique in the
research.

Table 3: Main results obtained through the application of the laddering technique.

Hierarchical Value Map (HVM): more frequently mentioned elements that have a more evident
relation than other items from the A-C-V chain.

Residents | —“ infrastructure — maintenance — environmental comfort — tranquility— happiness”
© . . . . »

—" infrastructure — maintenance — sense of security — happiness

—“mix of uses — users diversity — sociability — coexistence — respect — happiness”

—“night entertainment — bohemian neighbourhood - sociability — coexistence —
respect — happiness”

—“ infrastructure — maintenance — image — good impression”

Traders | —° infrastructure — maintenance — image — successful — prosperity”

. . . . »
—" infrastructure — maintenance — image — successful — accomplishment
—“ infrastructure — accessibility/centrality — successful — prosperity”
—“policing/surveillance- availability— sense of security — safety”

—“night entertainment — bohemian neighbourhood — appeal — coexistence — respect”

Through the laddering, the relations between personal values and perceptions were more
clearly displayed in the Implication Matrix and the Hierarchical Value Map, as exemplified
in Figures 1 and 2.

’ http://ladderux.org/
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Regarding the concrete attribute ‘night entertainment’, both groups consider that this
attribute makes the neighbourhood bohemian (abstract attribute). Sociability (psychosocial
consequence) benefits from the neighbourhood’s appeal due to its many nightlife-driven
establishments. Whereas residents link these attributes to the terminal value, happiness,
traders connect them to the terminal values of prosperity and accomplishment.

The infrastructure (concrete attribute) and maintenance (abstract attribute) were
considered by both user groups as a crucial attribute to a positive assessment of the aspects
of the neighbourhood. Maintenance of the public spaces assists in a given space being
appointed prestige and appropriation. The prestige aspect can be observed in the research
results in both groups from the personal values that arise due to maintenance, such as

social recognition and self-esteem.
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It can therefore be concluded that the laddering technique has made it possible to
identify that the maintenance of public equipment and service infrastructure (transport,
lighting, urban cleaning, rubbish collection, green areas, trees, parks, vegetation,
pavements/streets and roads, large pavements, bikeways, car parking, traffic lights, traffic
signs, entry signs and sanitation) creates positive perceptions because it makes it possible
to reach the consequences of use as a good image. Maintenance of public spaces helps a
given space to be surrounded by prestige and appropriation. The extent of this
consequence seeks to attain different final states of existence (terminal values) for both
studied user groups. For the residents, a good image is more related to social recognition
and self-esteem values, and prosperity and accomplishment for the traders.

5 CONCLUSIONS

The detailed analysis in the perception of value of the different user groups, using the
theoretical basis Means-End Chain, the laddering technique application and HVM, has
assisted in improving the concept of attributes and consequences in the value hierarchical
perception in the built environment on the neighbourhood scale. The HVMs as a visual
display shows more clearly the relationships between personal values and the perception
of value regarding the neighbourhood for each user group. Thus, they have facilitated the
perception comparison between both user groups, making the variations clear between the
hierarchical values.

The influence of personal values on users' perception of value can lead to an important
contribution to the perceived value concept because it has allowed for a wider
understanding of the value generation to be used in the built environment. Personal values
are implicit motivational goals (Schwartz 1992) that have not been analysed by the lean
construction community. As shown in the case study, different personal values result in
similarities and differences in users’ perceived value. Therefore, the methods and
constructs identified here could be applied for research and practices of the IGLC
community as a whole.

Considering the multi-disciplinary aspect related to the research regarding the built
environment and the user's interaction with this environment, the use of techniques from
different knowledge areas is important. Such studies could aid in the negotiation process
of conflicts between different client groups and stakeholders of the built environment.
Besides this, given the complexity of neighbourhood use management, such studies
present a potential for contributing to the development management of complex projects.
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INTEGRATING DELIVERY OF A LARGE
HOSPITAL COMPLEX

Dean Reedl, Howard Ashcraftz, Atul Khanzode3, Martin Fischer?, Leonardo
Rischmoller’, and Peter Berg6

Abstract: Building a high performing building requires project teams to integrate
their knowledge, their organization and their information, leveraging metrics,
models (energy, BIM, cost and schedule), co-location and collaboration, and
production management. This model, the “Simple Framework for Integrating Project
Delivery” was validated in action on the UCSF Mission Bay Hospitals project. The
senior project leaders created an integrated community that employed Lean and
Virtual Design and Construction methods to create solutions in the best interest of
the project.

Keywords: Simple Framework, integration, leadership, collaboration, capabilities.

1 INTRODUCTION

This paper describes the integration of a large Healthcare project relative to a theoretical
model for integrating project delivery explained in a previous IGLC paper (Fischer et al.,
2014) and a recently published academic text (Fischer et al., 2017) by four of this paper’s
authors. The emphasis is on how leaders and team members, without explicit knowledge
of the Simple Framework, developed a working system that closely approximated the
Simple Framework. The paper reports reflections by senior leaders on the work they did
to integrate their project. It also describes Lean and Virtual Design and Construction as
essential capabilities for effective integration. Figure 1 shows elements and enabler of the

Simple Framework.
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Figure 1: The Simple Framework for Integrating Project Delivery.
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2 THE IMPERATIVE OF INTEGRATION

The authors of Integrating Project Delivery define the “high-performing building” as one
that is usable, operable, sustainable and buildable. This means that it should be useful for
the people who engage with and rely upon the building. This certainly includes function,
form and aesthetics. The building should be economical to operate, and, if our planet is
to remain habitable, the building should be constructed and run without depleting or
harming the environment. The building most also contribute to the success of its sponsors,
using the metrics the sponsoring organization uses to define success.

The process of creating the building must be similarly high performing. Project cost and
duration must stay within constraints. Workers should not be exposed to avoidable risks.
Project quality must meet the sponsor’s needs. Unless the project process can be efficient
and effective, the building will not be successful and may not even be built. Seeing the
goal of delivering a high performing building allows stakeholders and deliver team
members to understand their challenge.

A high-performing building can only be achieved through a building with integrated
building systems, which can only be produced through an integrated process, which
depends on an integrated team with the right people, which needs integrated information,
i.e., BIM+ to function effectively and efficiently. Simulation and visualization are the
primary ways in which BIM+ informs the integrated team. Collaboration and co-location
are the primary ways that allow the integrated team to integrate processes. Production
management methods enable the productive design, fabrication, and construction of the
integrated building system. Outcome metrics define the performance of the building and
validate the integrated building system. All of this is supported by the appropriate
agreement or framework.

3 UCSF MISSION BAY HOSPITALS

The University of California San Francisco Mission Bay Hospitals opened in 2014 after
a 45-months of design and construction. It currently serves pediatric specialties, the adult
surgical oncology program, and a women’s birthing program. There are 16 imaging
rooms, 20 operating rooms, and 289 patient rooms. Heating, cooling, and power for the
hospital and connected outpatient clinic are supplied by an energy center. Altogether, the
facility is 878,000 gross square feet and has 60,000 square feet of roof gardens. The total
construction budget was $765 million, pared down from an original $965 million cost
estimate; the project budget was $1.52 billion. It earned LEED Gold and was opened eight
days early. (Fischer et al., 2017, pp.176-177)

4 LEADERSHIP

While the Simple Framework model was not available during the project, senior leaders
and many Mission Bay Hospitals team members knew more than most about
collaboration and integration, Lean, and BIM. Stuart Eckblad, came to UCSF Medical
Center as director of Design and Construction in 2006 as a long-time advocate and
practitioner of collaboration. Long before IPD came into being, Stuart joined with other
industry leaders to cofound and serve as president of the Collaborative Process Institute
(CPI) in the mid 1990s. CPI’s mission was to educate owners and industry leaders about
building collaborative cultures to enable project teams to deliver extraordinary results. In
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2007, he chaired the AIA California Council committee, which drafted and published the
“Working Definition of Integrated Project Delivery.” Laurel Harrison, a highly-regarded
Healthcare planner and design architect and Principal at Stantec Architecture was a key
leader of the architectural team. Ray Trebino, with years of experience building advanced
technology facilities, was at the center of a team managing the project for the General
Contractor, DPR Construction.

In conversation reflecting on their experience leading the project, Eckblad, Harrison
and Trebino described countless conversations amongst themselves and with other
leaders to design and redesign the project organization, information flows, and decision-
making through the course of the project. (Fischer et al., 2017, pp.183-184) The three
leaders described sharing leadership and how important it was for them to go into the
project convinced that it could only succeed if they could create a “best-for-project”
culture and community of people building for Healthcare. They spoke of the need to be
confident that most people would respond positively. They spoke of creating and
inventing delivery rather than applying methods and processes. (Eckblad, Harrison and
Trebino, personal communication, December 19, 2016)

5 PERFORMANCE PREREQUISITES

5.1 Removing Obstacles to Collaboration

Stuart Eckblad convinced university officials that he could produce better results by
engaging the general contractor and key trades early and adopting major IPD concepts.
The University had little prior experience with any of these concepts and was reluctant to
deviate from their traditional standards. Eckblad was convinced, however, that real
change required real change and he challenged university and outside counsel to
transform traditional contractual and business models into a reasonable approximation of
IPD principles. Although the resulting documents were complex, they did improve
integration by interlocking the parties through shared incentives and collaborative
management.

DPR Construction was selected in a competitive process as the GC and joined the
project in August of 2008, followed in December of 2008 by eight design-assist MEP,
concrete, steel, drywall, and doors-frames-hardware subcontractors chosen via a
competitive process. All were contracted to work under Cost-Plus Guaranteed Maximum
Price (CPGMP) contracts with target costs and target incentives to reduce overall
construction cost by $200 Million and to meet schedule and other constraints. (Fischer et
al., 2017, p.177)

5.2 Trust for Collaboration

Larry Prusak, founder and Executive Director of the Institute for Knowledge
Management (IKM) has stated, “Without trust, it's spectacularly difficult for collaboration
to flourish, even between peers and within practices.” (Prusak, 2011)

In anticipation of construction contract awards, Stuart Eckblad invested in
establishing a co-location center on the building site, the “Integrated Center for Design
and Construction” (ICDC). Then he insisted that the design team move-in with the general
contractor’s staff. The architects did relocate which greatly increased knowledge among
the project team and significantly reduced time required to have questions answered
(Fischer et al., 2017, p.178). Trust increased as people came through with the useful
information as they had promised. “Basic Action Workflow,” developed by Fernando
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Flores, shown in Figure 2, illustrates how people working in the ICDC built trust. (Flores,
2012)
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